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ABSTRACT 
In recent decades, the teaching and learning of science as inquiry has become the international 
position for curriculum reforms in science teaching and learning for K-12 internationally and 
R-12 in South Africa. Within the parameters of science education, scientific inquiry is 
multifaceted in that it is a “means”, a pedagogic approach for science teaching by science 
teachers, and also an “end”, a learning outcome for science learners. In recognition of the latter 
aspect, this study investigated Grade 12 Physical and Life Sciences learners’ views and 
understandings about scientific inquiry and how these understandings compare and contrast in 
differently resourced school types within three education districts of the city of Johannesburg 
and its environs. A directed qualitative content analysis approach, based on a conceptual 
framework of eight knowledge aspects about the nature of scientific inquiry (NOSI), was 
employed in analysing grade 12 learners’ understandings about the nature and manner in which 
scientists investigate the natural world. Purposive criterion sampling was employed to select 
90 Grade 12 learners from six high schools in Johannesburg as participants for the inquiry. 
Responses from questionnaires and transcribed text from semi-structured interviews were 
coded using a hybrid of open and “a priori” codes: no response, naïve, informed or mixed 
understandings, based on the conceptual framework of the aforementioned eight aspects about 
scientific inquiry and previous studies. Chi-square tests of association were used to compare 
learners’ understandings for significant differences in the three differently resourced school 
types. 
Findings from the analysis of data revealed that the best understood NOSI aspect was that 
“conclusions should be consistent with the data collected”, where 44.4% of the 90 Grade 12 
learners (40 learners) provided informed responses. On the other hand, the least understood 
aspects were the aspects “multiple methods” and “data versus evidence”, where only 1.1% (1 
learner) expressed informed understandings in phase 1 of the study. These findings indicate 
that the majority of the participant Grade 12 science learners held mostly mixed and naïve 
understandings about the eight aspects which characterise the NOSI; chi-square test of 
association (X2) for categorical variables revealed a significant difference in learners’ NOSI 
understandings about only one aspect “explanations are developed from a combination of 
collected data and what is already known” for the differently resourced school types, X2 (4), N 
= 90 (19.22), p =.01. For the remaining seven NOSI aspects, though differences were seen in 
learners’ understandings in the different school types, the observed differences were not 
significant. 
vi 
Based on these findings, the researcher concluded that, participant learners at Grade 12 level 
did not hold adequate understandings about scientific inquiry. The main reason for mostly 
naïve and mixed understandings being that, these aspects about scientific inquiry are not 
intentionally taught at school, but rather implicitly expected of learners to acquire as they 
engage in investigative tasks. The researcher also concluded that several underlying factors 
affected learners’ understandings about the NOSI including, few practical tasks within school 
science which exposed learners to the different methods used for conducting scientific 
investigations, the words “experiment and investigation” regularly used interchangeably and 
the overuse of experimental inquiry known at the “scientific method”.  The implications of 
these research findings are directly related to the levels of scientific literacy of Grade 12 science 
school leavers and how these learners can be scaffolded to understand the nature of scientific 
inquiry.  Recommendations are also provided to support these conclusions. 
Key Words: The nature of scientific inquiry (NOSI), scientific investigations, views about 
scientific inquiry (VASI), Life Sciences, Physical Sciences, scientific literacy. 
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CHAPTER 1 - INTRODUCTION AND BACKGROUND TO THE STUDY 
1.1 INTRODUCTION 
This study investigated Grade 12 Physical and Life Sciences learners’ understandings about 
scientific inquiry and how learners’ understandings can be compared in three differently 
resourced school types, namely township, suburban and independent schools. To achieve the 
research objectives, a total of 90 Grade 12 learners from six Johannesburg high schools (two 
from each of the representative school types), participated in the study. Central to science 
teaching and learning has been the transformative move from traditional accumulation of 
scientific ‘facts’ to inquiry-based science education. (Bruner, 1961; Department of Basic 
Education [DBE], 2011b; European Commission [EC], 2007; National Research Council 
[NRC], 2012). Inclusion of scientific inquiry, both the ‘doing’ of inquiry and the ‘knowledge 
about’ inquiry, have been the central theme for many school science curriculum reforms, the 
world over (Bartels, Lederman & Lederman, 2012; Mokiwa, 2014; Senler, 2015; Ozdem & 
Cavas, 2016). 
The study, which targets mainly understandings about the nature of scientific inquiry (NOSI), 
is guided by the framework of eight cognitive aspects of the nature of scientific inquiry (NOSI). 
The aspects which were identified from the principles of scientific inquiry included within a 
combination of policy documents, like the National Science Education Standards (NSES) 
(NRC, 2000, 2012), the benchmark for science literacy (American Association for the 
Advancement of Science [AAAS], 1993), the list of principles proposed by the National 
Academy of Sciences (2002), and the eight scientific practices embedded within the NGSS. 
The views about scientific inquiry (VASI) questionnaire, an instrument developed by 
Lederman, Lederman, Bartos, Bartels, Antink, and Schwartz, (2014), provides seven open-
ended items targeted at assessing learners’ views and understandings about the eight aspects 
which describe the NOSI. Throughout this write-up, cognisance is given to the work Lederman 
et al. (2014), on the development of the VASI questionnaire, which is an improved instrument 
for assessing conceptual understandings about scientific inquiry within the parameters of 
school science. In addition, a critical review of the main concepts that inform the importance 
of not only ‘doing’ but also ‘understanding’, the NOSI, and the gaps in practice and policy on 
the teaching and learning of science through inquiry are discussed in this dissertation. A 
detailed description of the methodological framework, a report of findings, discussions, 
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conclusions and implications for future research and science education communities of practice 
are also covered. 
1.2 BACKGROUND 
One of the main goals of science education in the 21st century globally, has been to develop 
societies in which, citizens are scientifically literate and can contribute in making informed 
personal, economic and social decisions (Department of Basic Education [DBE], 2011a; 
European Commission [EC], 2007; NRC, 2012). Scientific literacy, though extensive in its 
definitions, is essentially defined as the ability of a person to engage with and make decisions 
about science-related political, economic, social and cultural issues, using the scientific ideas 
and knowledge (Hodson, 2008; Kapelari, 2015). However, for one to be scientifically literate 
several factors, including practising and understanding the ways in which scientific knowledge 
is derived (scientific inquiry), understanding the nature of science (NOS) and grasping science 
content knowledge (including scientific laws and theories), are fundamental (Deniz & Akerson, 
2013; Lederman et al., 2014; Ramnarain, 2016). According to the NRC, (1996), scientific 
inquiry refers to how scientists investigate the natural world and how they obtain and use 
evidence to propose explanations for natural occurrences. For learners, scientific inquiry refers 
to the activities, which help them to develop an understanding of scientific ideas as well as an 
understanding of “how scientist study the natural world”. (NRC, 1996, p. 3). Minner, Levy, 
and Century (2010) also define scientific inquiry as a pedagogic approach used by educators 
in teaching science. This implies that scientific inquiry by definition is a multifaceted concept. 
Within school science, it is a “means” (teaching approach) and also an “end” (learning 
outcome). 
In light of this realisation, several researchers internationally acknowledge that more studies 
have focused on assessing the effectiveness of, the attitudes, perceptions, pedagogic strategies 
employed in enacting inquiry and the techniques employed by learners in “doing” inquiry 
within school science; while lesser studies have pursued the assessment of “understandings” 
possibly acquired by learners as they engage in investigative activities when learning science 
through inquiry (Anderson, 2002; Bartels et al., 2012; Gaigher, Lederman, & Lederman, 2014; 
Lederman, 2009; Pace & Farrugia, 2014). For instance, in South Africa alone within this 
decade, science education specialists have investigated scientific inquiry within the parameters 
of school science in diverse ways. These research foci include pedagogic orientations towards 
scientific inquiry (Ramnarain & Schuster, 2014), implementation, enactment, teaching 
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practices, textbook inclusion, benefits of and factors affecting inquiry-based science education 
(Dudu & Vhurumuku, 2012; Dudu, 2015; Mokiwa, 2014; Ramnarain, 2010; Ramnarain, 2016), 
student and teacher perceptions of scientific inquiry (Dudu, 2014a & b; Dudu & Vhurumuku, 
2011), beliefs and attitudes towards inquiry (Ramnarain & Hlatswayo, 2018) and to a lesser 
extent learners’ understandings and knowledge about scientific inquiry (Gaigher et al., 2014). 
Therefore, in order to ensure that curriculum goals and learning outcomes of teaching science 
as inquiry are met by learners, more studies targeted at examining conceptual understandings 
that learners are able to develop about the NOSI within the science classroom are of outmost 
importance. For South African education, this kind of assessment is key to evaluating whether 
the learning outcomes of developing a scientifically literate society targeted by the Curriculum 
and Assessment Policy Statement (CAPS) curriculum are being met. 
To further elaborate on the background of this study, the assumptions of the implicit approach 
to scientific inquiry posited in the 1960s (Chinn, & Malhotra, 2002), is examined. The 
assumption of these implicit approaches to scientific inquiry are that, if learners participate in 
school science investigations and experiments or are engaged in ‘doing science’ they 
eventually build informed understandings of all aspects related to the nature science and 
scientific inquiry (Wong & Hodson, 2009; 2010). However, several studies have disputed the 
correctness of these implicit assumptions in favour of more explicit approaches, which can 
facilitate understandings about the NOSI (Abd-El-Khalick, 2004; Chinn & Malhotra, 2002; 
Gaigher et al., 2014; Lederman et al., 2014; Schwartz, 2008; Veal & Allan, 2013). 
The role of science teachers and facilitators should be not only teaching through inquiry as a 
pedagogic approach but also to provide explicit instruction which elucidates informed 
understandings about the NOSI. In other words, teachers should play an important role in 
systematically facilitating learners’ understandings about scientific investigations and the ways 
in which they can use scientific data to obtain scientific evidence which answers scientific 
questions. (Capps & Crawford, 2013; Lederman, 2009). 
Elaborating on the generalities of the study would be baseless if the South African context is 
not spotlighted. Following the series of educational reforms in the South African school 
curriculum since apartheid, there have been tremendous improvements in science education 
goals and aims. Science education has become more inclusive of all learners, and racial 
backgrounds and traditional rote methods of teacher-centred teaching have been discouraged 
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for more constructivist and learner-centred pedagogies. For example, Specific Aim 1 of the 
Physical Sciences Curriculum and Assessment Policy Statement (CAPS) underlines that the 
purpose of Physical Sciences is “to make learners aware of their environment and to equip 
learners with investigating skills relating to physical and chemical phenomena” (DBE, 
2011b, p. 8). A similar focus on scientific inquiry is placed in the Life Sciences CAPS 
document. A cross-examination of these aims reveals the need for science learners to engage 
in different forms of scientific inquiry tasks within school science. This also implies that, in 
the enactment of scientific inquiry in classroom science learning, learners should be given the 
opportunity to ask scientific questions, follow systematic procedures to gather data and 
generate evidence which will be used to answer the scientific questions posed and be able to 
communicate their findings. 
The benefits of gaining informed understanding about scientific inquiry are numerous. Firstly, 
one of the underpinning tenets of being scientifically literate is gaining understandings of the 
ways in which scientific knowledge is generated and accepted (Kapelari, 2015). By 
implication, a learner who has informed understandings about scientific inquiry is more likely 
to become a scientifically literate citizen. Secondly, understandings about scientific inquiry 
assist learners to gain more understanding of the NoS and its tenets. These understandingd also 
develops science-process, problem-solving and critical-thinking skills (Antink-Meyer, 
Lederman & Lederman, 2016; Lee, & Shea, 2016). Thirdly, research suggests that engaging 
learners in scientific inquiry can lead to achievement gains in science content understanding 
(Lee & Shea, 2016). Affectively, doing and understanding inquiry is motivational and 
stimulates interest in science learning (Osborne, 2010; Piburn & Baker, 1993). 
Despite several benefits that are accrued from engaging in scientific inquiry as part of school 
science, the fundamental understandings of the core aspects about scientific inquiry do not 
receive much attention when enacting scientific inquiry in school science. (Gaigher et al., 
2014). For instance, in science class experiments learners are asked to control factors and 
identify dependent and independent variables, but one will find that these learners are not 
usually able to define what an experiment is or how it differs from other scientific 
investigations. Every other investigation given as part of an inquiry task is mostly referred to 
by learners as an experiment. These knowledge gaps in the NOSI are not only limited to the 
learners, but also with the science teacher (Dudu, 2014a). The knowledge gaps inform the need 
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for this study, which constitutes a baseline assessment of Grade 12 learners about core aspects 
of scientific inquiry. 
To be able to exclusively assess learners’ understandings about scientific inquiry, eight core 
aspects about scientific inquiry were collectively and systematically embedded into the VASI 
questionnaire by a team of science education researchers (Lederman et al., 2014). These eight 
aspects have their origin from a combination of policy documents, science education standards 
and protocols including the NSES NRC (2000), NRC (2012) and the NGSS (2013), which are 
all international frames of reference for science education curricula. The eight aspects are: 
Scientific investigations all begin with a question but do not necessarily test a hypothesis; 
there is no single set and sequence of steps followed in all scientific investigations (meaning 
there is no single scientific method); inquiry procedures are guided by the question asked; all 
scientists performing the same procedures may not get the same results; inquiry procedures 
can influence the results; research conclusions must be consistent with the data collected; 
scientific data are not the same as scientific evidence; and explanations are developed from a 
combination of collected data and what is already known. (Lederman et al., 2014, p. 68) 
The primary assessment instrument VASI questionnaire was then developed from the 
aforementioned aspects as seven open-ended questions, with sub-sections. The framework of 
these eight aspects was used for this study and the VASI questionnaire used as the research 
instrument for the first phase of the study. 
With Grade 12 being the exit year of the South African schooling system, the results obtained 
from this baseline study constitute a useful way of assessing the knowledge and views that 
learners have acquired about scientific inquiry and how scientifically literate they have become 
as they proceed into tertiary institutions. Also considering that the CAPS curriculum highlights 
scientific literacy as one of its main goals, and emphasises that learners should be able to “use 
science and technology effectively and critically, showing responsibility towards the 
environment and the health of others; and demonstrate understanding of the world as a set of 
related systems by recognising that problem solving contexts do not exist in isolation”. (DBE, 
2011a, p. 5), it then becomes relevant to assess whether learners have been able to attain the 
curriculum outcomes after 12 years and how this outcome has been attained. 
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1.3 THE SOUTH AFRICAN CURRICULUM AND ASSESSMENT POLICY 
STATEMENT 
The teaching and learning of science through inquiry is one of the most advocated methods for 
effective science teaching and learning within the South African curriculum documents. It will 
therefore be of relevance to examine the nature of the curriculum and how it relates to this 
research aimed at assessing the level of understanding that Grade 12 learners have about 
scientific inquiry. 
The upgraded National Curriculum Statement (NCS) Grades R-12 constitutes the main policy 
document that guides how teaching and learning is done in most South African public schools. 
(DBE, 2011a). It is within its framework are three key documents: 
 CAPS for all approved subjects listed; 
 National policy pertaining to the programme and promotion requirements of the NCS 
Grades R-12; and 
 National Protocol for Assessment Grades R-12, is used to emphasise curriculum aims and 
specifications of how school subjects are taught and what learners learn from one term to 
the next (DBE, 2011a). 
It is difficult to discuss the progressive nature of the CAPS curriculum without examining a 
brief history of South Africa’s system of education during the apartheid regime. The Bantu 
Education Act No. 47 of 1953 introduced a wide gap in the educational opportunities for the 
different racial groups in South Africa. The act stated that “students of different races were not 
allowed to study in the same schools” (Hammett, & Staeheli, 2013 p. 318). It also excluded 
mathematics and science from the curriculum of learners in the black education system. As a 
result of these restrictions, the quality of the teachers and teacher trainers being trained for 
mathematics and sciences from this racial group was affected. The negative effects of this 
education system have been more visible and evident since the end of apartheid. This is evident 
in the poor performances continuously being recorded in international mathematics and science 
assessments such as the Trends in International Mathematics and Science Study (TIMSS), 2003 
and 2015 (Reddy, Visser, Winnaar, Arends, Juan, & Prinsloo, 2016). However, there have been 
tremendous improvements in the TIMSS science score from 2003 to 2015 by up to 90 points 
(Reddy et al., 2016). This indicates that the changes in the nature of the curriculum especially, 
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with more emphasis on the inquiry-based approach which has had some positive effects on 
science achievement scores. 
The flow chart in Figure 1.1 illustrates the different curriculum reforms and transitions in the 
South African education system post-apartheid. 
 
Figure 1.1: South African school curriculum transitions post-apartheid to present  
Ideas adapted from Lelloit (2014) 
Since South Africa's first post-apartheid elections in April 1994, the Ministry of Education, 
now known as the Department of Basic Education, introduced several national curriculum 
reform initiatives focused on schools. As seen in Figure 1.1, the first attempt was to purge the 
apartheid curriculum (school syllabuses) of “racially offensive and outdated content” (Jansen, 
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1997), and saw the creation of Curriculum 2005 (C2005) which was introduced in 1997 as an 
idealistic policy document meant to overcome the pre-existing inequalities and deficiencies in 
education(Rogan, 2015). The C2005, which incorporated the fundamentals of Outcomes-based 
Education (OBE), was meant to be fully implemented by the year 2005. The OBE curriculum 
introduced continuous assessment into schools and a set of random outcomes that were to be 
achieved in each subject area without specifically stating which content was to be taught at 
what grade (Rogan, 2015). This led to severe criticism nationwide and poor curriculum 
implementation (Jansen, 1998). This curriculum was one of the most ambitious and 
controversial curriculum policies since the democracy. Its failure led to the current curriculum 
policy, CAPS (Bantwini, 2010; Chisholm, 2005; Jansen, 2002). CAPS, based on the principles 
embedded in the NCS, promotes constructivist and progressive learning agendas relevant for 
21st century learners. For example, the curriculum has a general aim to produce learners that 
are able to “identify and solve problems and make decisions using critical and creative thinking; 
work effectively as individuals and with others as members of a team” (DBE, 2011a, p. 5). 
The framework for scientific inquiry within the CAPS curriculum is grounded on the 
international constructs of inquiry provided in the NSES, (NRC, 2000). Like the NSES, CAPS 
expects learners to understand the NOSI, how scientific knowledge is generated, debated and 
accepted by scientists and how explanations are derived from scientific data collected (DBE, 
2011b). The curriculum also promotes the acquisition of science process skills and practical 
work as one of the main approaches for teaching school science. Learners are encouraged to 
engage in questioning the natural world and initiating scientific investigations targeted at 
answering scientific questions (DBE, 2011a). The CAPS for both Physical and Life Sciences 
elaborate and borrow extensively from features and standards related to the general acceptable 
principles of scientific inquiry as elaborated in the NSES (NRC, 2000). Figure 1.2 compares 
inquiry aims and features within the NSES and the CAPS for both Physical and Life Sciences. 
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Figure 1.2: Inquiry Aims: CAPS versus NSES features of scientific inquiry. 
Source: Researcher, Ideas adapted from (DBE, 2011a, 2011b, and the NRC, 2000) 
As seen on Figure 1.2, the ambitions and expectations of the CAPS in terms of inquiry learning 
and how they relate to the main features of scientific inquiry as enumerated in the NSES and 
the eight NOSI aspects are outlined. A close examination of the CAPS reveals a strong 
emphasis on hypothesis testing, tackling but not really posing scientific questions, and little 
emphasis on the role of prior scientific knowledge in making explanations. The use of the word 
“evidence” as seen in the features enumerated in the NSES is not directly used in the CAPS 
aims, but rather implied in the statements, “collect, analyse, organise and critically evaluate 
information” (DBE, 2011a, p. 8), in the CAPS for Life Sciences and “drawing and evaluating 
conclusions” (DBE, 2011b, p. 5) in the CAPS for Physical Sciences. 
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Further examination of the CAPS for Life Sciences against the eight NOSI aspects show that 
several aspects of inquiry like the ability to ask scientific questions, handle data, interpret 
results and draw conclusions are included as part of the skills that learners are supposed to 
acquire within the CAPS curriculum for Physical and Life Sciences. For instance, the NOSI 
aspect “scientific investigations should begin with a scientific question” is indirectly captured 
in the CAPS for Life Sciences “scientific knowledge and understanding can be used to answer 
questions about the nature of the living world around us” (DBE, 2011a, p. 12), indicates the 
value the CAPS attributes to the understanding and use of scientific knowledge in answering 
scientific questions. Also, problem solving, planning and conducting of investigations and 
hypothesis testing are heavily emphasised in both the Physical and Life Sciences. Methods of 
investigating are also limited to the experimental method, especially in the Physical Sciences 
curriculum as against other scientific methods addressed in the NSES, when examining the 
aspect, there is no single sequence or set of steps, which describe the scientific method. 
With this comparison, it becomes clear that the way teachers teach and learners learn the 
sciences maybe greatly influenced by the set curriculum requirements for each of the science 
subjects. The enactment of scientific inquiry based on the aims of a particular science subject, 
directly affects the inquiry learning outcomes achieved by learners. What this means for 
science education is that, curriculum reforms are not enough on their own, if the manner in 
which teaching is done is not critically reviewed to address learning outcomes. This suggests 
that a “change in curriculum therefore consequently necessitates a change of the function of 
the teacher” (Van der Nest, 2012, p. 5). 
1.4 PROBLEM STATEMENT 
The mid-twentieth century saw the introduction of Inquiry-Based Science Education (IBSE), 
founded on the principles of social constructivism. These constructivist approaches to learning, 
pioneered by the works of Lev Vygotsky, Jean Piaget and John Dewey among others, focused 
on the fact that knowledge is constructed and learning takes place when there is interaction 
with an object of interest (Bruner, 1961; Minner, Levy, & Century, 2010). Based on the 
principles of practical learning and social constructivist theories, the assumption for many 
practitioners is that learners who participate in school science investigations and experiments 
will eventually build informed understandings about all aspects of scientific inquiry (Capps & 
Crawford, 2013; Gaigher et al., 2014; Veal & Allan, 2013). This assumption aligns with the 
implicit belief that “doing of science” enhances understandings of the NOS and the NOSI 
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(Aydeniz, Baksa, & Skinner, 2011; Sadler, Burgin, McKinney & Ponjuan, 2010). In addition, 
studies like Sadler et al., (2010), have shown that engaging learners in authentic science 
learning through inquiry has had a positive effect on learners’ understanding of science 
concepts, their ability to interrogate concepts, show interest in science careers, and construct 
and acquire science process skills (Dudu, 2014a; Gillies & Nichols, 2015; Mokiwa, 2014) 
Despite the many benefits that IBSE has on the learning of science, many studies targeted at 
assessing the effectiveness of IBSE have indicated that gaining informed understandings about 
inquiry and aspects inherent to the NOSI, do not happen by chance (Abd-El-Khalick, 2004; 
Kapelari, 2015; Meyer & Crawford, 2015). Studies over many years have also shown that, even 
though public school science laboratories are the main place where learners can acquire 
understandings about the NOSI, the activities there typically do not guide learners in the 
acquisition of these understandings (Dudu, 2014a; Lederman, et al., 2014; Osborne, 2014; Roth 
& Garnier 2007; Windschitl, Thomson & Braaten, 2008). In fact most inquiry done in schools 
is focused on experimentation and demonstrations to facilitate understandings of already taught 
concepts rather than to elaborate on how scientific theory is developed, the social and cultural 
influence of scientists on the nature of scientific knowledge and conclusions they make post-
investigation (Aydeniz at al., 2011; Schwartz & Lederman 2005). For example, in a typical 
Grade 12 Physical Sciences classroom, learners may be asked to carry out an experiment in 
which they control temperature as a constant, while measuring the effect of pressure on molar 
volumes of gas. The implicit assumption of the teacher here may be that in doing such a task, 
learners will automatically understand the role of different variables in an experiment. Also, 
one may assume that learners will be able to explain how this task differs from another non-
experimental scientific investigation. Unfortunately, these assumptions are problematic, 
because mere participation in the investigative tasks, without a critical reflection and explicit 
instruction on the rationale behind the processes followed, will likely leave learners holding 
the same naïve or mixed conceptions about the aspects, which describe the NOSI covered in 
the task (Metz, 2004). 
Therefore, with the identification of these gaps in school inquiry practices, there is need for 
extensive research aimed at assessing learners’ understandings about the core aspects of the 
NOSI (Dudu & Vhurumuku, 2012; Gaigher et al., 2014; Osborne, 2014) as targeted by this 
study. It is also imperative to verify the implicit assumption that, “doing inquiry” without some 
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critical reflections will equate to learners’ gaining informed understanding about the NOSI. 
The following research questions were therefore posed to drive the inquiry; 
1. What levels of understandings (views), do Grade 12 Physical and Life Sciences learners 
have about scientific inquiry? 
2. How do learners’ understandings about scientific inquiry compare and contrast in township, 
former model C (suburban) and independent schools? 
1.5 RATIONALE FOR THE STUDY 
In alignment with the CAPS, many schools and teachers incorporate inquiry in science 
instruction within the classroom. However, there are several controversies about the actual 
meaning of scientific inquiry within the school context (Capps & Crawford, 2013; Gaigher et 
al., 2014). The initial challenge lies in the assumption that “doing” inquiry tasks in the science 
classroom is enough to equip learners with the knowledge of how scientists investigate the 
happenings of the natural world. However, several studies have been done to disprove this 
ideology (Chinn & Malhotra, 2002; Hofstein & Lunetta, 2004). These researchers argue that 
the use of inquiry-based learning activities does not implicitly develop learners’ understandings 
about the NOSI (Ayedeniz et al., 2011; Leblebicioglu, Metin, Capkinoglu, Cetin, Dogan, & 
Schwartz, 2017; Lederman et al., 2014; Schwartz et al., 2008). Learners need therefore to be 
scaffolded into understanding the eight aspects, which describe the nature of scientific 
investigations. In one South African study, the researchers argue that explicit instruction on 
knowledge about scientific inquiry is important for understanding the NOS and develop 
scientifically literate citizens. (Gaigher et al., 2014). The primary reason for the emphasis on 
inquiry-based learning (IBL) is to develop scientifically literate citizens. 
Scientific literacy is described as the ability to make informed decisions on science and 
technology related issues based on one’s understanding of scientific concepts, the processes of 
scientific inquiry, and the NOS (Bell, Blair, Crawford, & Lederman, 2003, p. 448). However, 
research over years has consistently shown that students typically do not develop such 
understandings only through their participation in school science (Aikenhead, 1973; Bady, 
1979; Larochelle & Desautels, 1991; Lederman, 1992; Welch, Klopfer, Aikenhead, & 
Robinson, 1981). 
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The rationale for this study which aims to assess Grade 12 science learners’ understandings 
about scientific inquiry, is to firstly to provide the science education community (teachers and 
researchers) with research-based findings on the levels of understandings (naïve, mixed or 
informed) learners have about the NOSI and how these understandings may vary in differently 
resourced schools. This research is relevant, because an assessment of this nature constitutes a 
key indicator of the cumulative impact of science learning, outcomes of school inquiry 
practices and levels of scientific literacy attained by Grade 12 science learners. Another reason 
for engaging in the study is based on the fact that, in South Africa and globally, while a large 
number of studies have targeted other aspects of scientific inquiry within school science very 
little research has been done on assessing the understandings learners have about scientific 
inquiry (Gaigher et al., 2014; Lederman et al., 2014; Senler, 2015). This research will therefore 
provide the opportunity for the researcher to extend the research in this area nationally while 
answering the research questions for the study. The choice of Grade 12 learners for the study 
is also motivated by the fact that Grade 12 is the exit year of the South African school 
curriculum, in which learners should have experienced all facets of scientific inquiry as 
prescribed by the curriculum in both Physical and Life Sciences. Hence assessing the 
understandings of Grade 12 learners will constitute a more comprehensive source of data for 
the study. 
1.6 RESEARCH AIMS AND OBJECTIVES 
The work done in this research builds on the findings of many South African studies, which 
have targeted the assessment of scientific inquiry as a pedagogic approach (Dudu & 
Vhurumuku, 2012; Mokiwa, 2014; Ramnarain & Schuster, 2014). Until recently, not many 
studies have been aimed at the assessment of learners’ understandings about scientific inquiry 
(Gaigher et al., 2014). Hence, the main aim of the study was to assess Grade 12 Physical and 
Life Sciences learners’ understandings about scientific inquiry at differently resourced 
Johannesburg high schools. 
Stemming from this aim, the following objectives were set as the relevant steps to follow with 
the ultimate aim of answering the research questions posed. 
 To assess Grade 12 Physical and Life Sciences learners’ understandings about scientific 
inquiry using the VASI questionnaire; 
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 To validate and elaborate on learners’ VASI questionnaire responses and obtain new 
insights through follow-up semi-structured interviews with 15-20% of the participants. 
 To compare and contrast learners’ understandings about scientific inquiry across different 
school types, namely township, former model C (suburban) and independent schools. 
1.7 AN OVERVIEW OF THE RESEARCH METHODOLOGY. 
The study followed a qualitative research approach in assessing learners’ understandings about 
the NOSI. The sample selected for the study included 90 Grade 12 learners from six schools 
across the socio-economic spectrum of schools in Johannesburg. A purposive criterion 
sampling techniques was used for selecting the participants. The criteria included the fact that 
learners had to be in Grade 12, do both Physical and Life Sciences and also attended either a 
township, former model C or independent school. Data was collected using open-ended VASI 
questionnaires and semi-structured interviews. A qualitative content analysis (QCA) was 
employed for data analysis of textual content of the open-ended VASI questionnaires and 
transcribed text from semi-structured interviews. Chi-square statistics were used to assess the 
extent of the differences and similarities in learners’ understandings about scientific inquiry for 
the three differently resourced school types. 
The inquiry was carried out in two phases. Phase one of the study was aimed at using the 
adopted open-ended VASI questionnaire items to assess Grade 12 science learners’ 
understandings about scientific inquiry, while phase two of the study was aimed at validating 
participant questionnaire responses and probing for new insights through semi-structured 
interviews, in order to support the findings from phase one and make informed conclusions on 
learners’ understandings about the NOSI. A directed qualitative content analysis (QCA) design 
“a research method for the subjective interpretation of the content of textual data through the 
systematic classification process of coding and identifying themes or patterns” (Hsieh & 
Shannon, 2005, p. 1278) was employed in data analysis. This kind of content analysis follows 
“content analytic rules and step by step models, without rash quantification” (Mayring, 2000, 
p. 2), even though some quantifying of the qualitative results is allowed for visualising trends 
and patterns (Leedy & Ormrod, 2014; Mayring, 2000, 2014).A four-criterion model proposed 
by Lincoln and Guba (1985), was used to evaluate trustworthiness of the research process and 
findings. 
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1.8 SIGNIFICANCE OF THE STUDY 
The general aims of the CAPS as the fourth generation of reforms in the South African 
education system are to ensure that learners acquire knowledge that is relevant in their local 
context without excluding the global imperative (DBE, 2011a). Assessing and establishing 
learners’ understandings about scientific inquiry might hopefully provide science teachers with 
insights on the existing inquiry practices within school science. The findings from the study 
may also serve as the baseline for further research on how the nature of scientific inquiry 
(NOSI) is understood within science classrooms in South Africa. Learners’ misconceptions 
about the way in which scientific knowledge is generated and accepted will be identified and 
reflected upon by learners, teachers and researchers. As postulated by Fraser (1998), learners’ 
views on concepts can be considered as reliable indications of a teacher’s practice and hence 
serve as a metacognitive lens for refining science teaching. Introspection of the findings of 
other studies like Dudu (2014b), reveal that even teachers have fluid understandings about the 
NOSI therefore these findings may also be informative in reforming teacher education and 
provide new insights in the way pre-service teachers are prepared, for teaching science as 
inquiry. 
Lastly, findings from the study constitute one of the key indicators of how the CAPS curriculum 
goals of scientific literacy are being attained. This is because understanding the NOSI is one of 
the key factors which contribute to a person being scientifically literate. 
1.9 ASSUMPTIONS 
It is relevant for the researcher who carries out any study, to state the particular assumptions 
that were made about the study and its participants in order that all steps are duly understood 
and can be replicated under the same assumptions (Leedy & Ormrod, 2014). Leedy and Ormrod 
(2014), lay emphasis on the fact that “assumptions are so basic that, without them, the research 
problem itself could not exist” (p. 62). 
For this study, the following assumptions were made: 
 That the constructs within the VASI questionnaire are reliable and valid in assessing the 
understandings that learners have about scientific inquiry; 
 That participant learners could choose either the English version or the translated IsiZulu 
version of the VASI questionnaire during the surveys; 
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 That all the participating learners would present their views as truthfully and honestly as 
possible as they were all assured of the steps to be taken to ensure confidentiality and 
anonymity; and 
 That the sample selected for the study would provide an adequate source of information for 
answering the research questions and meeting all the objectives and eventually the main 
aim of the study. 
1.10 DELIMITATIONS 
The delimitations of a study are relevant in providing the boundaries that define the scope of 
the study (Patton, 2012). This study focused on assessing the level of understandings that Grade 
12 science learners have about scientific inquiry through a qualitative methodology and content 
analysis of an open-ended survey and interview transcript text. It also compared learners’ 
scientific inquiry understandings in differently resourced Johannesburg school types, namely 
township schools, suburban schools and independent schools. The research excluded the 
assessment of learners’ ability to carry out investigative activities within the science 
classroom/laboratory. It did not focus on the attitudes, perceptions or other constructs of IBL. 
The target participants for the study included only Grade 12 learners who did both Physical 
Sciences and Life Sciences. This approach was taken to avoid broadening the research scope 
beyond feasible means and out of the researchers’ research interest. 
1.11 DEFINITION OF TERMS 
1.11.1 Scientific inquiry 
Scientific inquiry refers to the ways in which scientists do their work of investigating natural 
phenomena, generating and disseminating scientific knowledge, which is generally acceptable 
in science (NRC, 2000). In the context of school science scientific inquiry is multifaceted and 
be referred to as the activities that help learners to develop an understanding of scientific ideas 
as well as an understanding of “how scientists study the natural world”. (NRC, 1996, p. 23). It 
can also be defined for teachers as the pedagogic approaches they use to systematically 
facilitate learners’ understandings of scientific investigations and core science concepts (Capps 
& Crawford, 2013; NRC, 2000, 2012). 
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1.11.2 Scientific literacy 
Scientific literacy defines one’s ability to make informed social, environmental, technological 
and personal decisions in situations where science is not the only factor (Organisation for 
Economic and Cultural Development [OECD], 2013). For one to be considered as scientifically 
literate, he or she needs to understand the NOS, the NOSI and science content knowledge. 
Scientific literacy also opens the minds to understand scientific processes and the nature of 
scientific knowledge (Bellová, Melicherčíková, & Tomčík, 2018). It is therefore important that 
the 21st century generation of learners’ understandings of the way scientific knowledge is 
generated through inquiry to be able to also develop understandings of the interactions that 
science has with the environment, technological and economic decisions funding science 
endeavours. (Burmeister & Eilks, 2012; Sjöström, 2014). The understandings about scientific 
inquiry are a crucial part of being scientifically literate. This implies that, a holistic and deep 
appreciation of scientific knowledge and the processes of developing this knowledge is one of 
the fundamental ways through which learners are empowered to understand the relationship 
between science and society (Hofstein, Eilks, & Bybee, 2011) 
1.11.3 Nature of Science 
NOS describes the epistemology of science, science as a way of knowing and the general 
characteristics of scientific knowledge (Lederman, 1992). When we examine the NOS, we 
consider the history, philosophy and sociology of science and how all of these components 
influence the scientific literacy of a society. It is important that learners understand the NOS as 
it clarifies the difference between scientific knowledge and non-scientific knowledge, helps 
learners understand the kind of questions that science can answer and develop an understanding 
of the strengths and limitations scientific knowledge (Bell, 2008; Schwartz & Lederman, 2008; 
Wang & Zhao, 2017). 
1.11.4 Scientific investigations 
Scientific investigations are systematic steps followed in any inquiry by scientists to answer a 
specific scientific question and to study the natural world (Lederman et al., 2014). It is worth 
understanding that the procedures to be followed in a scientific investigation are strongly 
influenced by the scientific question posed. Scientific investigations can be classified as 
experimental or non-experimental in nature (Lederman et al., 2014; Yang, Park, Shin, & Lim, 
2017). An experiment is described as scientific procedure used for testing hypotheses, making 
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discoveries or demonstrating a known conclusion (Cobern et al., 2014). It is usually carried out 
in a laboratory and particularly focuses on the manipulation of variables in a controlled 
environment. 
1.11.5 Scientific data 
Scientific data refers to the materials, measures, artefacts, and other information collected by a 
scientist to analyse, interpret, for making explanations and conclusions, which are presented as 
evidence to ultimately answer a scientific question (NRC, 2012) 
1.11.6 Scientific evidence 
Evidence represents the conclusions derived from analysing scientific data. These conclusions 
are used to either support or counter hypotheses or theories and can be used to generate new 
theories and support answers to scientific questions (Kapelari, 2015). It is a major and 
important aspect of all scientific investigations. 
1.11.7 Hypothesis 
A hypothesis, usually referred to as an intelligent guess, is a statement formulated by an 
inquirer, to predict the results or outcomes of an experiment. Usually, a hypothesis will be 
stated based on the observations that have been made on a particular phenomenon or through 
the employment of primary deductive experimental methods in order to generate a testable 
hypothesis (Yang & Park, 2017). 
1.12 AN OVERVIEW OF CHAPTERS. 
CHAPTER 1- Introduction and background to the study 
The chapter summarises an introduction and background for the study, including a brief 
examination of the research context, the problem statement, the broader aim, objectives and 
rationale for the study. By examining the research context, a brief background of the South 
African education system, the CAPS for Physical and Life Sciences and how the subjects 
address scientific inquiry are examined against the NSES. Also included in the chapter are the 
research questions to be answered by the end of the study, a brief summary of the research 
methodology, the significance of the study, delimitations, assumptions made, definition of 
terms and a summary of all the following chapters. 
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CHAPTER 2 - Literature review 
This chapter critically examines the conceptual framework for the study, which includes the 
eight aspects of scientific inquiry, the curriculum and scientific inquiry, the main factors that 
affect learners’ understandings about the NOSI, and the ways in which learners’ NOSI 
understandings can be assessed. These factors include the pedagogic approaches employed in 
teaching inquiry within science classrooms in the South African context, the nature of learners’ 
engagements with investigative tasks, and post-investigation reflections and discussions. Also 
included in the chapter is a review of the role of scientific inquiry in scientific literacy, relevant 
and recent studies in which assessed learners’ understandings about scientific inquiry, the 
differences between learners’ understandings of scientific inquiry within school science and 
the work scientists do and a summary of the chapter. 
CHAPTER 3 - Research Design and Methods. 
The chapter describes and justifies the research paradigm, design and methods, employed in 
obtaining the sample, collecting, coding and analysing the data for the study. The researcher 
also provides a description of the research instrument, the coding agenda used for data analysis 
and the criteria followed for evaluating the research processes, including credibility, 
trustworthiness, dependability and transferability. Also reported are the ethical considerations 
for the study and a summary of the chapter. 
CHAPTER 4 – Assessment of science learners’ understandings and views about scientific 
inquiry. 
This chapter provides the results from data analysis and discussions from the two phases of the 
project aimed at answering the first research question; “What levels of understandings do Grade 
12 learners have about scientific inquiry?” A detailed record of data analysis, findings from 
phases 1 and 2 of the study, discussions, presented in the light of current literature and 
conclusions are presented followed by a chapter summary. 
CHAPTER 5 – A comparative analysis of learners’ understandings about scientific inquiry in 
different school type. 
Chapter five answers the research question, “How do learners ‘understandings about scientific 
inquiry compare and contrast in township, suburban and independent schools?” The detailed 
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comparison of the results of learners’ understandings of the NOSI aspects against the 
differently resourced school types they attend is presented and discussed. Pearson’s chi-square 
statistics are employed for comparing science learners’ understandings for any significant 
differences are presented and discussed in line with the context and nature of the school types 
that participated in the study. A conclusion is provided for the section followed by a chapter 
summary. 
CHAPTER 6 – Recommendations and conclusions 
In this chapter, a general conclusion, implications and recommendations for practice, policy 
and future research, based on the findings emanating from the study are proposed. A proposed 
reflective cycle for improving learners’ understandings about scientific inquiry, compiled by 
the researcher, is also provided, together with concluding remarks of the study and a summary 
of the chapter. 
1.13 CHAPTER SUMMARY 
Chapter 1 summarises the introduction and background for the study including the scientific 
inquiry and the South African curriculum, the aims, objectives, problem statement, rationale, 
research questions emanating, as well as the summary of other chapters covered in the study. 
A brief explanation of the methodology followed in addressing the research problem, the 
assumptions, limitations, significance and definition of all the relevant terminology are also 
included in this introductory chapter. 
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CHAPTER 2 - LITERATURE REVIEW 
2.1 INTRODUCTION 
This chapter presents a narrative review of literature related to learners’ understandings about 
scientific inquiry within the parameters of school science. The conceptual framework for the 
study, the expectations of the South African curriculum, other internationally relevant 
standards for science education, factors that affect learners’ understandings of the NOSI and 
findings from recent studies relevant for situating the current study are also reviewed. As 
mentioned earlier, the conceptual framework for the study borrows greatly from the study by 
Lederman et al. (2014), which isolates the eight knowledge aspects about scientific inquiry. 
The eight aspects constitute the framework used in assessing learners’ understandings about 
scientific inquiry. 
2.2 SCIENTIFIC INQUIRY 
As defined by Meyer and Crawford (2015), scientific inquiry within the parameters of school 
science refer to learning activities that can equip learners with the skills to investigate the 
natural world, engage in critical and analytical thinking geared at solving problems in an 
authentic scientific context. These learning activities embedded in school science inquiry, also 
help learners to develop an understanding of scientific ideas as well as an understanding of 
“how scientists study the natural world” (NRC, 1996, p. 23). For teachers, on the other hand, 
scientific inquiry constitutes pedagogic approaches they employ to systematically facilitate 
learners’ understandings about scientific investigations and how to enact these investigations 
in answering scientific questions (Abd-El -Khalick, 2004; Capps & Crawford, 2013; 
Lederman, 2009). 
According to Bell (2010), it is not enough for learners to “do” inquiry within school science. 
An important dimension for learning science as inquiry is gaining informed understandings 
about the nature of inquiry and the ways through which scientific knowledge is generated. 
Therefore, the target for this study was not to examine learners’ competencies in doing inquiry 
but rather assess their “understandings” about eight core aspects of inquiry. Within several 
science education policies globally and including South Africa, the teaching and learning of 
science through scientific inquiry has been widely advocated as one of the main prerequisites 
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of developing scientifically literate societies. (Achieve Inc., 2015; DBE, 2011b; EC, 2007; 
NRC, 2012). 
Further research also emphasises that engaging in and acquiring understandings about scientific 
inquiry develops learners’ science process skills, science content knowledge and even relevant 
competencies to function effectively in careers related to Science, Technology, Engineering 
and Maths (STEM) as they leave school (Bartos & Lederman, 2014; Gräber, 2012). It is 
therefore important for science education researchers to study the holistic nature of learners’ 
understandings of what scientific inquiry is. Learners’ abilities in doing investigations, 
following the right procedures for collecting data, analysing the data and obtaining evidence to 
make valid scientific claims should be assessed in order to establish the levels of 
understandings that teachers and learners have about the NOSI. 
2.2.1 Inquiry-based learning in science classrooms 
In recent decades, the drive for transformation in science teaching from the previous traditional 
rote methods of teaching and learning to a more constructivist IBL approach has been 
prominent on the agenda for reforms in science education worldwide (Anderson, 2007; DBE, 
2011a; Schwartz, 2008). In many science classrooms, the acquisition and development of 
science process skills have been conflated with the notion of learning science as inquiry 
(Kapelari, 2015). The relevant characteristics of scientific inquiry for science learners should 
be summarised as a combination of activities, which target the development of science process 
skills and enable learners to gain informed understandings about the NOSI. Learners should 
therefore be able to make observations, classifications, predictions, measurements, 
hypothesise, ask scientific questions, and collect, analyse and interpret data. Science learners 
should also be able to combine these process skills with scientific reasoning and critical 
thinking in order to be able to develop scientific knowledge (Crawford, 2014; Lederman, 
2012). 
2.3 SCIENTIFIC INQUIRY WITHIN THE CAPS AND INDEPENDENT 
EXAMINATION BOARD  
The South African CAPS for both Physical and Life Sciences emphasises the need for learners 
to learn science by inquiry. The specific aim 1 for Physical Sciences states that, “the purpose 
of Physical Sciences is to make learners aware of their environment and to equip learners with 
investigating skills relating to physical and chemical phenomena”. (DBE, 2011b, p. 8). By this, 
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the curriculum articulates the need for learners to have deep understandings about the NOSI 
which will equip them to investigate phenomena within the framework of the subject. The 
rationale for equipping learners with how scientific inquiry works is coherent with the national 
science education goals. In fact, having informed views and understandings about scientific 
inquiry, understanding the NOS and science content knowledge will cumulatively help learners 
attain the ultimate goal of science education, which is scientific literacy (Tsai, 2017). To be 
scientifically literate, learners should be able to “use science and technology effectively and 
critically, showing responsibility towards the environment and the health of others; 
demonstrate understanding of the world as a set of related systems by recognising that problem-
solving contexts do not exist in isolation”. (DBE, 2011b, p. 5). 
In South Africa, science education researchers have carried out several studies on IBSE and 
some of the findings have indicated that there is still a gap between policy and implementation 
of inquiry in school science (Dudu & Vhurumuku, 2012; Ramnarain, 2010; Vhurumuku, 2011). 
Fewer studies have been done to elicit learners‟ understandings about inquiry in South African 
schools. A study using the VASI instrument aimed at assessing Grade 11 learners’ knowledge 
about scientific inquiry was first piloted with South African Grade 11 learners from seven 
schools (Gaigher, et al., 2014). Findings from the study indicated that learners have a 
combination of naïve and mixed understandings about most aspects of the nature of scientific 
inquiry. Even though the learners showed more informed understandings in some NOSI aspects 
for instance, “conclusions made are related to the data collected”, the question remains as to 
what the CAPS curriculum prescribes for scientific inquiry as an important science education 
dimension and how these standards are enacted for learners to gain meaningful understandings 
about inquiry. 
The section below examines CAPS and Independent Examination Board (IEB) expectations 
on how learners should learn science as inquiry. This is important because it is in establishing 
what the curriculum expects learners to know about the NOSI that one can determine learners’ 
understandings about the NOSI. 
2.3.1 Physical Sciences CAPS 
For a clearer picture of the research context, it is important that a cross-examination be 
conducted on the curriculum requirement for the science subjects that constitute the area of 
specialisation of the participants and the researcher within the study. Physical Sciences as a 
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subject is a combination of Physics and Chemistry and is defined within the curriculum as a 
subject which investigates physical and chemical phenomena through scientific inquiry, and 
the application of scientific models, theories and laws to explain and predict happening in “the 
physical environment” (DBE, 2011b, p. 8). With a definition of this nature, it is expected that 
Physical Sciences as a subject be framed by teaching through inquiry, modelling and 
incorporating strategies that will equip learners with critical thinking and problem-solving 
skills. The CAPS for Physical Science in relation to other science curricula globally focuses on 
teaching science through inquiry and ensuring that learners understand the Nature of Science 
(NoS) and science concepts. This implies that teaching and assessing school science subjects 
should be mostly inclusive of strategies that will avail learners of the opportunity to be engage 
in questioning, hypothesising, solving problems and investigating physical phenomena. (Capps 
& Crawford, 2012; DBE, 2011b). Specifically, the CAPS for Physical Sciences emphasises 
that: 
Practical investigations and experiments should focus on the practical aspects and the process 
skills required for scientific inquiry and problem solving. Assessment activities should be 
designed so that learners are assessed on their use of scientific inquiry skills, like planning, 
observing and gathering information, comprehending, synthesising, generalising, 
hypothesising and communicating results and conclusions (DBE, 2011b, p. 144). 
Despite all the favourable prescriptions within the curriculum document, it is worth noting that 
specific aspects about the NOSI are vaguely targeted and the work breakdown for how inquiry 
can be assessed is not coherent with how the subject should be taught in class. For instance, for 
Grade 12 learners, the curriculum recommends that only three practical tasks be included as 
formal assessment. With only three tasks targeted per term, teachers and learners will not spend 
time on these practical tasks since the task will only be sparingly assessed or not be assessed 
at all in some schools. When inquiry engagement is low it becomes very difficult for the 
learners and even some educators to fully develop understandings about the NOSI (Gaigher et 
al., 2014; Dudu, 2014). In summary, the Physical Sciences CAPS is an ambitious document in 
that it advocates for a science curriculum that seeks to develop learners who are equipped with 
knowledge to understand the world of scientists, and be able to solve problems within national 
and global contexts. However, the guidance and coherence in its recommendations remain a 
matter for debate and review. 
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2.3.2 Life Sciences CAPS 
Similarly to the Physical Sciences, the Life Sciences CAPS curriculum defines Life Sciences 
as the scientific study of living things and the interactions among themselves and the 
environment in which they live. In addition, the curriculum emphasises that the subject 
incorporates methods that will foster existing knowledge or discovery through replication and 
a “systematic approach to scientific inquiry” (DBE, 2011a, p. 8). These methods include: 
Formulating hypotheses and carrying out investigations and experiments as objectively 
as possible to test these hypotheses. Repeated investigations are carried out and adapted. 
The methods and results are analysed, evaluated and debated before the community of 
scientists accepts them as valid (DBE, 2011a, p. 8).  
This implies that Life Sciences teachers incorporate the understanding about scientific 
investigations, the role of human imagination, creativity and objectivity in the generation of 
scientific conclusions and the place of evidence in validating scientific knowledge in a 
community of practice. All of these aspects tally with the main aspects of scientific inquiry 
which are targeted in this study. Furthermore, the CAPS for Life Sciences posits that 
questioning is imperative for guiding investigations as scientists “tackle questions to which no-
one has definite answers, such as: ‘Why is the climate changing?’; ‘What is causing the 
universe to expand?’; ‘What causes the earth’s magnetic field to change?’ and ‘What, exactly, 
is the human mind?’” (DBE, 2011a, p. 8). These scientific questions within the NOSI are 
regarded as the driving force for every scientific investigation and both teachers and learners 
of the Life Sciences should be knowledgeable of the role of a scientific question at the 
beginning of an investigation and how a scientific question will influence the procedures to be 
followed in the investigation. The ultimate goal of the subject is to develop learners who are 
academically and scientifically literate enough to “read, talk about, write and think about 
biological processes, concepts and investigations.” (DBE, 2011a, p. 9). 
With this understanding, it is required that teachers are able to identify a “range of cognitive 
and practical skills must be taught and assessed, in an integrated way” (DBE, 2011a, p. 12). 
Unlike the Physical Sciences CAPS curriculum statement, the Life Sciences curriculum 
statement is elaborate on the definitions of how Life Sciences should be approached during 
teaching and assessments. It emphatically and explicitly explains that the experimental method 
is not the only method of carrying out scientific investigations. For example, when referring to 
the designing and conducting of scientific investigations the curriculum advises that “not all 
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investigations are based on the ‘classic’ dependent-independent variables and controls. For 
example, an investigation could involve observing soil profiles or counting populations” (DBE, 
2011a, p. 16). The noticeable limitation of both Physical and Life Sciences CAPS curriculum 
statements is the four-hour time allocation for contact with the learner per subject. Research on 
the practice of inquiry teaching in South African schools has seen many teachers indicate that 
time allocated to the subject has always been one of the critical factors that has limited the 
enactment of inquiry not to mention explicit inquiry instructions that can guide learners’ 
understandings about scientific inquiry (Ramnarain & Hobden, 2015; Mokiwa, 2014). 
2.3.3 The IEB framework for both Physical and Life Sciences 
In this section, the researcher discusses the IEB curriculum for Physical and Life Sciences with 
respect to scientific inquiry, since a third of the participants in this study came from elite 
independent schools. The schools selected for the study use the IEB curriculum and write the 
IEB examinations at the end of Grade 12. Hence, it is therefore important to mention and 
discuss how scientific inquiry is situated by the IEB for the selected subjects. 
The IEB Subject Assessment Guidelines (SAG) is a standard curriculum interpretation manual 
that guides how each subject should be taught and assessed in most independent schools in 
South Africa. The document compiled by the board of independent schools has the aim of 
communicating clearer guidelines as to how the NCS subject content can be assessed (UK 
NARIC, 2010). It is important to note that the SAGs were introduced by both the IEB and the 
national DBE, in order to supplement the NCS information, which was criticised for the lack 
of concrete guidelines as to how the subject contents should be covered per individual subject 
(UK NARIC, 2010). A cross-examination of the SAGs used by the IEB to guide instruction 
and assessment for Life and Physical Sciences, clearly indicate the content of each subject to 
be similar to the CAPS content. Minor differences are noted in the content-grades topics and 
the explicitness of how each subject should be taught and assessed. For example, in IEB Life 
Sciences SAGs topics treated in CAPS Grade 12 and Grade 11 like “the history of life on earth” 
and “gaseous exchange” are treated in Grade 10 (IEB, 2014a). In the Physical Sciences IEB 
SAGs document it is recommended that teaching and assessing of science should follow an 
“investigative approach” (IEB, 2014b, p. 6). The investigative approach recommended for 
Physical Sciences teaching in the IEB SAG document is broken down in the flow chart in 
Figure 2.1 below. 
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Figure 2.1: The skills, mental processes and understandings for an investigative approach 
Source: Adapted from IEB (2014b, p. 7). 
 
2.4 INQUIRY AS EXAMINED BY NEXT GENERATION SCIENCE STANDARDS 
In this section, the researcher examines the NOSI as described by other international standards 
for science education, specifically the Next Generation Science Standards (NGSS). This is 
because, as emphasised by one of the main aims of the CAPS curriculum, learners should learn 
science in a way that they become locally relevant but meet global standards (DBE, 2011b). 
The NGSS comprise a new internationally benchmarked document, aimed at outlining the 
performance expectations, which explicitly depict the relevant practices, and standards that 
learners must engage in to show proficiency in science. The set of standards came into place 
through a two-step process, which commenced in 2010, funded by the Carnegie Corporation 
of New York and developed by the NRC in association with the AAAS, National Science 
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Teachers Association (NSTA), and Achieve. Many states in the United States of America have 
previously implemented science teaching and learning using the framework of the NSES by 
the NRC and/or the Benchmarks for Science Literacy by the AAAS. These set of documents 
have been very instrumental in developing several science education curriculum guidelines in 
many nations in the world including the CAPS curriculum in South Africa. 
The NGSS were developed to override the gaps in international science education frameworks 
and curricula by explicitly emphasising the practices and performance expectations that must 
be included in curricula, taught and assessed in STEM education, the world over (NGSS, 2013). 
It also differentiates that instead of teaching STEM as individual ideas, a three-dimensional 
learning model can be implemented to achieve a holistic advancement in the 21st century 
science education. The three core dimensions inherent to the NGSS standards are as follows: 
Science and Engineering Practices; which counteract the cliché of science and engineering 
being fixed disciplines of knowledge and facts. These eight practices propose a set of skills and 
activities which learners should be able to do, based on the human ability to explore and interact 
with the world. The standards emphasise the relevance and necessity of process skills that need 
to be developed and advanced in K-12 and R-12 in the South African context. The eight 
practices highlighted describe the essentials of scientific inquiry as practised by scientists in 
their quest to investigate the natural world. These include: 
1. Asking questions and defining problems; 
2. Developing and using models; 
3. Planning and carrying out investigations; 
4. Analysing and interpreting data; 
5. Using mathematics and computational thinking; 
6. Constructing explanations and designing solutions; 
7. Engaging in argument from evidence; and 
8. Obtaining, evaluating and communicating information. (Achieve, 2015, p. 1) 
The eight practices recommended by the NGSS tally with the practices recommended within 
the CAPS curriculum documents for Physical and Life Sciences, but just like the NRC 
frameworks, the CAPS does not provide explicit instruction of how these practices can be 
implemented and assessed within the given time allocations provided for syllabus completion. 
29 
Learners’ autonomy in asking and investigating scientific questions is also very limited under 
the provisions of the CAPS. 
Disciplinary core ideas as part of the NGSS describe central phenomena particular to individual 
STEM subjects. That is, the fundamental ideas and principles which guide the thinking in a 
specific field. For example, the Life Sciences has evolution, while the Physical Sciences will 
have forces as core ideas within each subject matter. Understanding these core ideas is an 
essential prerequisite for understanding or investigating ideas that are more complex and 
solving problems. These core ideas are placed within groups of traditional science domains that 
include: 
 Physical Sciences 
 Life Sciences 
 Earth & Space Sciences 
 Engineering, technology and applications of science. 
Crosscutting concepts/themes are the last aspects of the NGSS, which include ideas that are 
common to all the sciences, for instance matter, energy, patterns etc. The recommendation of 
the NGSS is to explicitly teach these concepts to learners so that they can see and understand 
the interconnectedness of the sciences. 
A clear difference between the CAPS and the NGSS is the deliberate use of the word 
“practices” rather than “skills” in order to emphasise that scientific investigations do not only 
entail skills but also the relevant knowledge and understandings inherent to a specific practice 
(NRC, 2012, p. 30). It is, therefore, the role of educators to use inquiry not only as a teaching 
strategy, but as a platform to connect how science works with the work of real-world scientists. 
2.5 CONCEPTUAL FRAMEWORK UNDERPINNING THE STUDY 
This section examined the conceptual framework for this study and discussed the eight core 
aspects about the NOSI which were used to assess how Grade 12 science learners view 
scientific inquiry. The theoretical underpinnings of what is primarily expected from when they 
learn science as inquiry are also discussed. 
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2.5.1 Conceptual aspects of inquiry within the context of the study 
IBSE has its foundations in the principles of social constructivism. These approaches to 
learning, pioneered by the works of Jean Piaget, Lev Vygotsky and John Dewey (Minner, Levy, 
& Century, 2010), focus on the fact that knowledge is constructed and learning takes place 
when there is interaction with the object of interest. They further elaborate that the nature of 
one’s reality is subjective and requires understandings of the way meaning is made about the 
world through social interactions; hence, reality can only be described as a function of personal 
experience (Bruner, 1961; Cohen, Manion, & Morrison, 2011). These interactions can be 
mediated and facilitated by more knowledgeable “others” through the use of some 
psychological tools and language. In the case of IBL instruction, the teacher’s role is to 
facilitate how learners construct scientific knowledge when engaging in experiments or 
investigations within the science classroom. For example, learners are supposed to be able to 
formulate scientific questions and know the procedures they may follow in answering the 
question. Specifically, the learner is an active participant in his or her own learning through 
engaging in a real-world authentic problem-solving task (Marshall, 2013). With the backing of 
these theoretical foundations, many science education policies globally advocate that science 
be taught through inquiry in order to improve learner performances in science and aspirations 
for careers in the sciences (Wang, Guo, & Jou, 2015). 
With this knowledge of how learners should learn science, the philosophical assumption is that 
learners who are able to “do” inquiry develop informed understandings of about the NOSI. 
Even though engaging actively in inquiry is important in developing inquiry understandings, 
many researchers in the field of science education argue that understandings about scientific 
inquiry can only be attained when an explicit and reflective pedagogic approach to scientific 
inquiry is enacted within school science. (Abd-El-Khalick, 2013; Antink-Meyer, et al., 2016; 
Gaigher, et al., 2014; Yang et al; 2017) 
The five essential features of classroom scientific inquiry are described in the NSES (NRC, 
2000). These features include: 
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1. Learner engages in scientifically oriented questions; 
2. Learner gives priority to evidence in responding to questions; 
3. Learner formulates explanations from evidence; 
4. Learner connects explanations to scientific knowledge; and 
5. Learner communicates and justifies explanations (NRC, 2000, p. 24). 
These features are usually incorporated into the inquiry tasks that are given to the learners in 
science classrooms. The teacher can either structure investigations such that learners verify 
concepts in which they already know the outcomes (teacher-centred inquiry), or allow the 
learners to come up with scientific questions they want to explore with little or no guidance 
from the teacher (learner-centred inquiry). All these forms of inquiry have an impact on the 
understandings that learners develop with regard to how scientific knowledge is generated and 
validated (Veal & Allan, 2013; Leblebicioglu et al., 2017). 
The challenge in scientific inquiry research has been how to exclusively assess learners’ 
understandings about scientific inquiry based on the aforementioned features and the nature of 
scientific knowledge (Lederman et al., 2014). As a result of this challenge Lederman et al. 
(2014) described eight cognitive aspects which constitute the NOSI from a combination of 
policy documents, science education standards and science protocols. These eight aspects 
include the following: 
 Scientific investigations all begin with a question but do not necessarily test a hypothesis. 
 There is no single set and sequence of steps followed in all scientific investigations (i.e., 
there is no single scientific method). 
 Inquiry procedures are guided by the question asked. 
 All scientists performing the same procedures may not get the same results. 
 Inquiry procedures can influence the results. 
 Research conclusions must be consistent with the data collected. 
 Scientific data are not the same as scientific evidence. 
 Explanations are developed from a combination of collected data and what is already 
known. (Lederman et al., 2014, p. 68). 
These aspects formulate the conceptual framework for the study and are assessed in the VASI 
questionnaire questions. The section below provides a brief description of each of the aspects. 
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2.5.1.1 Scientific investigations all begin with a question and do not necessarily test a 
hypothesis 
This aspect describes the important role a scientific question has in driving any scientific 
investigation. The belief is that an observation is important before a scientific investigation is 
valid; however, not every observation will lead to a scientific question (Lederman et al., 2014). 
Learners therefore need to understand that stating a hypothesis based on observations does not 
necessarily drive a scientific investigation, but that a scientific question about some aspect of 
the natural world is needed at the starting point of any scientific inquiry (Antink-Meyer et al., 
2016). According to the NRC (2000), a scientific investigation should involve asking a 
question, developing systematic steps to answer the question, and comparing the findings to 
what is already known. 
2.5.1.2 There is no single set or sequence of steps followed in all investigations 
School science in South Africa and in several countries globally place much emphasis on the 
scientific method. This scientific method generally refers to the experimental design or 
laboratory work (Gaigher et al., 2014; Yang et al., 2017). For example, the CAPS for Life 
Sciences emphasises that scientific inquiry should follow the methods of “formulating 
hypotheses and carrying out investigations and experiments as objectively as possible to test 
these hypotheses.” (DBE, 2011a, p. 8). However, learners need to understand that scientists do 
not only use the experimental design to investigate the natural world rather they used different 
kinds of non-experimental investigations and methodologies depending on the scientific 
questions they intend to answer (NRC, 2000). 
2.5.1.3 Inquiry procedures are guided by the question asked 
This aspect of the NOSI refers to the main role that a scientific question plays in choosing the 
procedures for a scientific investigation (Leblebicioglu et al., 2017). The question should be 
indicative of whether an experimental or non-experimental procedure will be followed in the 
inquiry and whether the procedure chosen can ensure that the inquirer answers the scientific 
question posed. 
2.5.1.4 All scientists performing the same procedures may not get the same results 
This aspect of the NOSI overlaps with one of the tenets of the NOS whereby the role of 
imagination and creativity in how scientific knowledge is generated and interpreted is 
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examined. The human aspect of interpreting findings from any investigation is a critical aspect 
of scientific inquiry (Galano, Zappia, Smaldone, & Testa, 2016; Senler, 2015). The aspect 
posits science as a human endeavour, with creativity and imagination playing an active role in 
how conclusions might be made by various scientists. Different scientists might have posed the 
same question, followed the same procedures, but arrive at different conclusions due to 
differences in the way meaning is made of the findings (Kapelari, 2015). This implies that as 
scientists work on various investigations, which may ask the same question, and follow the 
same methodological steps, they may not arrive at the same conclusions because of the way 
they interpreted the data collected. Differences in these interpretations maybe due to the 
theoretical frameworks and underpinning the reasoning of the researcher (Lederman et al., 
2014). It is therefore important in science classrooms that as learners engage in the task of 
conducting investigations, collecting data and making interpretations of the collected data. The 
subjective nature of scientific knowledge, even though durable, must be made explicit to 
learners. When learners have informed understandings of this aspect, they will no longer try to 
ensure that their investigative findings and conclusions adhere to what is presented in a 
textbook (Veal & Allan, 2013; Dudu & Vhurumuku, 2011), but rather will focus on the 
scientific evidence before them to make their conclusions. 
2.5.1.5 Inquiry procedures can influence the results 
This aspect considers the relationship between the procedure that one follows in any scientific 
investigation and the conclusions that emanate from the findings. Throughout the history of 
scientific inventory, many different procedures have been used to investigate the same 
phenomena, which has led to different conclusions and the generation of new knowledge 
(Kapelari, 2015; Senler, 2015). For instance, investigations of the atomic structure have seen 
different models of atoms proposed as a result of different scientists using different procedures 
to investigate these tiny particles. When different procedures are used, the tendency is that the 
data collected will also be different (Gaigher et al., 2014; Lederman et al., 2014). Therefore, it 
is important that science learners understand the role that procedures followed in any 
investigation have on the conclusions that are communicated. 
2.5.1.6 Scientific data are not the same as scientific evidence 
This NOSI aspect examines how learners are supposed to perceive data and evidence. Data 
constitute the relevant information or observations gathered by the inquirer during a scientific 
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investigation. It may be numbers, audio recordings, measurement values, pictures, descriptions 
and other modes. However, evidence refers to the conclusions made after the collected data has 
been analysed (Antink-Meyer et al., 2016). Evidence is usually aimed at answering the research 
questions and making claims that cannot be made from just collecting data (Lederman et al., 
2014). The NGSS (2013) also advocates the importance of learners being able to make clear 
differences between observations and inference and recognise that claims are not evidence, but 
must be backed by evidence. The NRC also emphasis this by stating that “learners should give 
priority to evidence” (NRC, 2000, p. 24) which will assist them to provide succinct 
explanations to address scientific questions (Deniz & Akerson, 2013; Muntholib & Munzil, 
2016). 
2.5.1.7 Research conclusions must be consistent with the data collected 
This aspect of the NOSI describes the role of collected data in making scientific conclusions. 
This implies that for every conclusion made by a scientist there needs to be backing evidence 
derived from collected data. The aspect also emphasises the need for learners and scientists 
alike to be able to differentiate between unfounded claims and scientific evidence derived from 
analysed data (Antink-Meyer et al., 2016; Lederman et al., 2014). In summary, scientific 
knowledge is formulated through iterative cycles of investigation and claims emanating made 
from these investigations are peer-reviewed based on the collected data, and not on opinions 
and beliefs. 
2.5.1.8 Explanations are developed from a combination of collected data and what is 
already known 
One of the main tenets of the NOSI is the understanding of how scientists derive explanations 
for scientific knowledge. This aspect conveys that explanations are made from the combination 
of prior knowledge and conclusions derived from the analysis of empirical data gathered 
(Antink-Meyer et al., 2016). If science learners are conversant with this aspect, they become 
knowledgeable in the identification and acceptance of well-supported scientific evidence and 
the linkages this evidence has with prior knowledge (Lederman et al., 2014). Also 
understanding about this aspect helps learners themselves turn to be able to explain phenomena 
based on the empirical evidence before them and what they already know (NRC, 2012). In 
other words, this knowledge empowers them to be confident in their own findings as young 
scientists. 
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In the study of palaeontology, for example, scientists use their existing knowledge of skeletal 
structures to assemble bits and pieces of newly discovered fossils, when analysing the empirical 
evidence collected in their study. Also in the development of several scientific theories like the 
atomic theories which registered progressive changes across different periods, it could be 
observed that one theory gave way in the light of new evidence and explanations. However, 
the new theory was a build up from prior knowledge constructed on the work of the previous 
theorists. 
2.6 UNDERSTANDINGS ABOUT THE NOSI 
In order to examine the main concepts essential to this study it is important to firstly establish 
what is meant by the NOSI and “understandings about scientific inquiry”. The NOSI simply 
refers to “what learners should understand about inquiry” (Leblebicioglu et al., 2017, p. 5). In 
recent studies aimed at assessing learners’ understandings about scientific inquiry, the main 
terminologies expressed as “understandings” have included views, conceptions, knowledge 
and perceptions (Dudu, 2014b; Gaigher et al., 2014). Understanding here refers to the ability 
to develop mental representations and ideas about a particular concept or phenomenon (Wong 
& Hodson, 2009). Understanding also refers to the knowledge about a subject, situation or how 
something works. Therefore, when learners are said to have informed understandings about 
inquiry, this means they should be able to explain in their own words the nature of inquiry, 
apply their knowledge of inquiry in different contexts and provide informed views about the 
processes involved in the generation of scientific knowledge. Even though this analysis 
summarises some of the known definitions of ‘understanding’, the term “understanding” is a 
difficult to quantify, assess or even define in terms of what a science teacher might require 
from learners. That is why for this study, it is important to mention that the researcher examined 
the “understandings about” and not the “understandings of” scientific inquiry as these are two 
entirely different constructs. The understandings about scientific inquiry refer to the cognitive 
ideologies that learners have developed from reflectively analysing investigative practices in 
the school science laboratories (Wong & Hodson, 2009). For learners to develop such 
understandings, critical thinking and explicit instructions are required. Explicit instructions 
refers to open reflective conversations carefully and deliberately scaffolded by the teacher with 
the intention of improving learners’ understandings about the NOSI. Also, the understandings 
about empowers learners to discuss issues related to scientific inquiry and further equips 
learners to understand the nature of scientific knowledge and the ways in which this knowledge 
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can be accepted as valid in a community of scientists within a specific practice (Crawford, 
2014). In short, the understandings about scientific inquiry examines the “What?” (“What is 
involved in investigations and experiments?”, “what is the question I want to answer?”), the 
“Why?” (“why do this instead of that?”, “why this conclusion?”). It also involves the beliefs 
and VASI. On the contrary, the understandings of refers to the ability to “do science” within 
and answer related questions posed at the end of each investigative activity. It examines the 
“how?” to do (In terms of the science process skills). On the other hand, it is essential to observe 
that the doing will not necessarily guarantee the knowledge of why certain steps are followed 
or see learners explain the differences between an experiment and a non-experimental method 
of inquiry. Other examples of grasping the understanding of rather than the understandings 
about is typical in the case where learners are unable to tell the difference between “scientific 
data and scientific evidence”. This leads to the conclusion that teaching science as inquiry 
requires that learners to acquire the fundamental understandings “of” and “about” scientific 
inquiry, through a reflective and dialogic pedagogic approach. 
2.7 FACTORS THAT AFFECT LEARNERS UNDERSTANDINGS ABOUT 
SCIENTIFIC INQUIRY 
To be able to assess learners’ understandings about scientific inquiry, it is important to ascertain 
the factors which affect these understandings. In this section the researcher examines these 
factors as cited in literature as being inclusive of the pedagogic approaches used in enacting 
inquiry within school science (Crawford, 2014; Osborne, 2014; Lederman et al., 2014): the 
nature of learner engagement with inquiry tasks; deliberate planning and inclusion of aspects 
of the NOSI in science instruction (Leblebicioglu et al., 2017); and the post-inquiry reflections 
and discussions (Bartos & Lederman, 2014). Figure 2.2 illustrates the interconnectedness of 
these factors, which affect learners’ understandings about the NOSI. 
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Figure 2.2: Factors that affect learners’ understandings about inquiry  
Source: Researcher 
As seen in Figure 2.2 learners’ understandings about scientific inquiry cannot only be 
dependent on a single factor. For learners to develop informed understandings about the NOSI, 
teachers must be willing to teach science as inquiry, employing suitable strategies that will 
enable learners to engage in different kinds of inquiry tasks. It is also necessary that teachers 
plan to include aspects of the NOSI in each inquiry task and scaffold learners into reflecting on 
these aspects. 
In the sections below a detailed description of how teachers’ pedagogic approaches, learner 
engagements in inquiry tasks, planning and reflections enhance learners’ understandings about 
the NOSI. 
2.7.1 Pedagogic approaches for enacting scientific inquiry 
Pedagogy is defined as “interactions between teachers, learners, the learning environment and 
the learning tasks” (Murphy, 2008, p. 35). On the other hand, pedagogic approaches refer to 
the activities that the teacher and learners will engage in during the teaching and learning of 
concepts (Bransford, Brown & Cockings, 2000). Figure 2.3 below illustrates the main 
pedagogic approaches that have been prominent in science classrooms spaces for several 
decades. 
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Figure 2.3: Three main pedagogical approaches in learning.  
Source: Bjørke (2014) 
As illustrated in Figure 2.3 facilitated traditional learning, constructivist learning and 
collaborative learning as pedagogical approaches employed in teaching science are not 
mutually exclusive, because each strategy supports the diverse learning needs and styles of 
learners (Bjørke, 2014). For learners to develop informed understandings about the NOSI, the 
constructivist ideas and strategies of learning become the pedagogic target of the teacher. 
Learners are placed in learning situations where they construct knowledge for themselves by 
engaging in science inquiry tasks (Atherton, 2013). These learner-centred approaches are 
useful in giving learners the opportunity to engage in questioning, hypothesising, investigating 
concepts, collecting and handling data, analysing data and presenting the evidence when doing 
a scientific investigation. Furthermore, according to the NGSS, teaching science by inquiry is 
the core of science teaching and learning through which learners develop “knowledge and 
understanding of scientific ideas” (Achieve. Inc, 2015, p. 23). This implies that the use of 
traditional rote methods of teaching are no longer enough to empower learners for 21st-century 
STEM careers. Therefore, for learners to gain informed understandings about the NOSI, it 
becomes important for teachers to use these inquiry-based pedagogic approaches to scaffold 
their understandings of the NOSI aspects. Inquiry-based teaching embodies an instructional 
approach whereby the teacher becomes the facilitator of learning through inquiry. Sandoval 
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and Reiser (2004) also posit that for this kind of an approach, the inquiry-based classroom 
becomes constructed in such a way that learners emulate the practices of scientists. This is to 
ensure that learners engage in authentic inquiry-based investigative activities, take similar 
actions as scientists do, and experience the process of knowing and justifying scientific 
knowledge (Abdi, 2014). 
Figure 2.4 below shows an assessment foci used to situate teachers’ inquiry pedagogic 
orientations. Levels of inquiry that are employed in science teaching as adopted from Cobern 
et al. (2014), are also included in the foci. 
 
Figure 2.4: Teachers’ pedagogic orientation foci  
Source: Cobern et al. (2014, p. 2270) 
As seen in Figure 2.4, Level 1 (direct didactics) and 2 (active direct) of classroom inquiry is 
mostly referred to as “cookbook” exercises (Dudu & Vhurumuku, 2012; Ramnarain & 
Schuster, 2014) and are usually targeted at confirming learnt scientific concepts. These kinds 
of activities are mostly found in science textbooks with a series of steps and procedures that 
must be followed to arrive at a conclusion (Dudu, 2014a). Though important in science 
learning, these kind of activities do not typically develop the fundamental higher order thinking 
skills required for the advancement of understandings about the NOSI and of global science 
education. Level 3 (Guided Inquiry) and 4 (Open inquiry) activities which provide learners the 
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opportunity to explore phenomena with little or no teacher guidance are critical for discovery 
learning and the development of critical thinking (Cobern et al., 2014). Many researcher 
therefore encourage that such higher order inquiry activities be included in school science 
teaching, so that learners can develop critical thinking skills, take ownership of their own 
learning and engage in more authentic decision making processes. (Capps & Crawford, 2013; 
Crawford, 2014; Ramnarain & Schuster, 2014). 
2.7.2 Nature of learners’ engagement with investigative tasks 
In a study by Antink-Meyer et al. (2016), and another by Leblebicioglu et al. (2017), both 
Taiwanese and American learners reportedly registered more informed understandings about 
some NOSI aspects after engaging in explicit inquiry activities at a science camp. In both 
studies, the science camp was used as a platform to engage the learners in inquiry tasks and the 
associated reflective conversations, questions and answers, which describe the explicit 
instruction, associated with the intention of teaching the NOSI. Findings from these two studies 
are indicative of the fact that learners’ need to be engaged in inquiry tasks so as to have a 
platform through which they can discuss the NOSI and eventually gain informed 
understandings. Also, when teaching and learning activities are carefully planned to include 
tenets of the NOSI, there will be a positive impact on learners’ understandings about scientific 
inquiry (Gaigher, et al., 2014: Lederman et al., 2014). 
2.7.3 Post reflections and discussions on investigative tasks 
When NOSI aspects are planned, scaffolded and assessed as part of science content knowledge 
and instruction (Bartos & Lederman, 2014), learners gain a fundamental understanding about 
the NOSI by reflecting on inquiry tasks with their peers. Several researchers also argue that if 
the understandings about the NOSI are not targeted, as part of inquiry instruction the likelihood 
is that learners will only develop knowledge of the science content (Leblebicioglu et al., 2017; 
Crawford, 2014; Osborne, 2014) and not the nature of inquiry. In addition, findings from other 
studies have indicated that conceptions and understandings about the NOSI and the NOS are 
bound to improve only when teachers and learners together reflect on the aspects of inquiry 
embedded in the inquiry task (Antink-Meyer et al., 2016; Leblebicioglu et al., 2017; Lederman 
et al., 2014; Bartos & Lederman, 2014). It is therefore widely advocated that teachers need not 
only engage learners in doing inquiry, but also purposefully include reflective questions and 
activities that will draw learners’ attention to the NOSI aspects in any given inquiry task 
(Galano et al., 2016; Lederman, Lederman, & Antink-Meyer, 2013). 
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2.8 ASSESSING LEARNERS’ UNDERSTANDINGS ABOUT SCIENTIFIC 
INQUIRY 
One of the challenges in assessing understandings about scientific inquiry as a learning 
outcome has been the lack of a suitable research instrument for assessing the aspects of 
scientific inquiry without including tenets of the NOS. The VASI instrument developed by 
Lederman et al., (2014), provided the relevant research instrument to assess the eight core 
aspects about the NOSI. The VASI questionnaire, served as an improvement of the Views of 
Scientific Inquiry (VOSI) instrument developed by Schwartz et al (2008). Unlike the VOSI 
which assesses only five(5) aspects about the NOSI, the VASI has additional three items which 
are aimed at assessing all the eight (8) aspects about the NOSI. Table 2.1 below shows the 
relationship between the eight aspects and the VASI questionnaire items. 
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Table 2.1: The relationship between the NOSI aspects and VASI questionnaire Items  
VASI 
Question 
Number 
Sub-
question 
Aspect as included in the 
VASI 
Aspects of the NOSI 
1 1a 
1b 
1c 
Scientific investigations can 
follow different methods ( 
Experimental and non-
experimental) 
(2) There is no single set of 
steps followed in all 
investigations (i.e. there is 
no single scientific method) 
2  A scientific investigation 
should begin with an 
investigative question and not 
necessarily a hypothesis. 
(1) Scientific investigations 
all begin with a question and 
do not necessarily test a 
hypothesis 
3 3a 
 
All scientists asking the same 
investigative question and 
following the same procedures 
may not get the same results 
(4) All scientists performing 
the same procedures may not 
get the same results 
3b Procedures of investigations 
can influence results even if 
the investigative question id 
the same. 
(5) Inquiry procedures can 
influence results 
4  Scientific data and evidence 
are different from one another 
(7)Scientific data is not the 
same as scientific evidence 
5  The investigative question 
drives the process of SI 
(3) Inquiry procedures are 
guided by the question asked 
6  Conclusions should be 
consistent with data collected 
(6)Research conclusions 
must be consistent with the 
data collected 
7 7a 
7b 
Explanations should be based 
on data and prior scientific 
knowledge 
(8)Explanations are 
developed from a 
combination of collected 
data and what is already 
known. 
Source: Adapted from Lederman et al. (2014) 
Table 2.1 examines how the eight aspects about scientific inquiry are embedded in the VASI 
questionnaire. Questions 1a, 1b and 1c of the VASI questionnaire (see Appendix J), assessed 
learners’ understandings about the NOSI aspect “there is no single set of steps followed in 
every scientific investigation”. Question 2 of the VASI questionnaire assessed learners’ 
understandings of the role of a scientific question in starting a scientific investigation and not 
necessarily the need to test a hypothesis. On the other hand, question 3a examined the fact that 
all scientists following the same procedure to answer the same scientific question may not 
necessarily get the same results, while question 3b of the VASI elicited learners’ 
43 
understandings of how procedures followed in a scientific investigation can influence the 
results obtained. Question 4 of the VASI questionnaire examined learners’ understandings of 
the difference between scientific data and evidence, and question 5, the role of the investigative 
question in choosing the procedure that should be followed in every scientific investigation. 
Question 6 looked the aspect that the conclusions should be consistent with the data that has 
been collected, while the combination of question 7a and 7b collectively examined the role of 
prior scientific knowledge and data collected in providing explanations post-scientific 
investigations. 
With the incorporation of all these eight NOSI aspects in the VASI questionnaire, the 
researcher was able to adopt and use the instrument to assess learners’ understandings about 
scientific inquiry in the first phase of the study. 
2.9 THE WORK SCIENTISTS DO VERSUS SCHOOL SCIENCE 
For this study, it is relevant to distinguish the work done by professional scientists from the 
understandings that learners should gain about the NOSI. This is to ensure that school science 
subjects (Physical and Life Sciences) are not portrayed as being overly ambitious and beyond 
the scope of learners. 
The work that scientists do in investigating the natural world is referred to as authentic 
scientific inquiry (Chinn & Malhotra, 2002). The nature of authentic scientific inquiry is such 
that it is complex, sophisticated and employs specialised experts in scientific fields of study. 
Extensive procedures and expensive machinery, which cannot be afforded by schools, are also 
used in conducting this type of inquiry (Galison, 1997). It is therefore clear that schools will 
not have the relevant resources, expertise or time to reproduce the same research tasks as would 
scientists. However, the advocacy for science education reforms has been for teachers to 
develop simpler tasks through which learners will practice and develop science process skills 
and eventually gain understandings about the NOSI (Crawford, 2014; Yang et al 2017; 
Lederman et al., 2014). Despite the centrality of inquiry as a core pedagogic approach for 
science teaching in the 21st century, it is clear that the gap between school science and what 
scientists do to propose explanations for happening in the natural world remains wide since 
learners do not really have extensive understandings of the NOSI. Hence, in teaching science 
through inquiry-based instruction, teachers can ensure that the gap between science learners 
and scientists is as narrow as possible. Table 2.2 below illustrates the differences between 
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cognitive activities in authentic scientific inquiry as carried out by scientists versus the simple 
school inquiry tasks carried out by learners. 
Table 2.2: Examples of differences in cognitive processes in authentic inquiry and simple experiments 
Cognitive Process Authentic inquiry (By 
Scientists) 
Simple Experiments (By 
learners) 
Formulating a research 
question 
Scientists generate their own 
research questions. 
Usually the teacher will 
provide the research question 
to the learners 
Choosing the variables to 
investigate 
Scientists select and even 
invent variables to 
investigate. There are many 
possible variables. 
Learners investigate one or 
two provided variables 
Choosing the procedure Scientist develop complex 
procedures to answer the 
research questions they pose. 
Scientists often devise 
analogue models to address 
the research question. 
Learners follow simple 
directions usually from a 
textbook or manual on how to 
implement a procedure. 
Analogue models are 
sometimes used, but students 
do not reflect on whether the 
models are appropriate 
Planning the measures in an 
experiment 
Scientists typically 
incorporate multiple measures 
of independent, intermediate 
and dependent variables. 
Learners are told what to 
measure, and it is usually a 
single outcome variable. 
The control on variables Scientists often employ 
multiple controls. It can be 
difficult to determine what 
the controls should be or how 
to set them up 
Learners are usually told what 
variables to control for and/or 
how to set up a controlled 
experiment 
The reasoning employed Scientists employ multiple 
forms of argument. 
Learners employ simple 
contrastive reasoning 
 
Source: Adapted from Chinn and Malhotra (2002, p. 180) 
Table 2.2 shows some of the differences between learners’ scientific inquiry activities and the 
work that scientists do. Despite the simplistic nature of what may be referred to as school 
inquiry, it still is important for learners to develop complete understandings of how scientific 
knowledge is generated and presented, as this will enhance scientific literacy levels for the 
society. 
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2.10 A REVIEW OF FINDINGS FROM RECENT STUDIES 
From 2014 until the present, more and more international studies have been done to assess 
learners’ understandings about scientific inquiry. With the goal of STEM education being 
mostly to ensure that the learners passing through school are scientifically literate, it has 
become increasingly relevant that learners understand the nature of scientific knowledge and 
the processes through which scientific knowledge is generated and accepted (Gaigher et al., 
2014). 
In a pioneering study in which the VASI was validated, the researchers argued that the lack of 
a readily available instruments to exclusively assess understandings about scientific inquiry 
(that is without conflating these aspects with the tenets of the NOS), might have been one of 
the reasons why not many studies had targeted the assessment of learners’ understandings about 
the NOSI (Lederman et al., 2014). After the VASI was developed and validated several studies, 
including Adisendjaja, Rustaman, Redjeki and Satori (2017), Antink-Meyer et al. (2016), 
Gaigher et al. (2014), Leblebicioglu et al. (2017) Yang et al. (2017), have employed the VASI 
in assessing learners’ and teachers’ understandings about scientific inquiry. Findings from 
these studies typically reveal that learners’ and teachers’ understandings about the NOSI range 
mostly from naïve to mixed understandings for most of the aspects. In studies which used 
training camps as well at teacher professional development programs in interventions to 
enhance understandings about scientific inquiry, for instance, Adisendjaja et al. (2017), Antink-
Meyer et al. (2016) and Leblebicioglu et al. (2017), teachers and learners understandings about 
aspects like “scientific investigations should begin with a question and not necessarily test a 
hypothesis,” “there is no single sequence of steps followed in every scientific investigation” 
and “the effects of scientific questions on the procedure followed in a scientific investigation” 
were reported to improve tremendously post intervention. 
In the case of the South African Grade 11 study, learners at the time of the study showed mostly 
naïve and mixed views, but also recorded some relatively more informed understandings than 
some of their international peers in the aspects “conclusions should be consistent with data 
collected” and “scientists following the same procedure to answer same question do not 
necessarily arrive at the same conclusion” (Gaigher et al., 2014). The researchers in the South 
African study give credit to the previous Revised National Curriculum statements, for 
reinforcing some of the aspects in which the South African learners were more informed than 
their international counterparts. (Gaigher et al., 2014). Other studies which employed the use 
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of training camps to facilitate learner’s understandings about scientific inquiry found that post 
intervention understandings of some aspects like the aspect there is no single sequence or steps 
known as the scientific method were not significantly different from the initial naïve views 
(Antink-Meyer et al., 2016; Leblebicioglu et al., 2017). For aspects which recorded more 
informed understanding in all of the recent studies which employed the intervention to scaffold 
the understandings about the NOSI, it was noted that the understandings were improved based 
on the use of explicit instructions and reflection during learning activities to develop critical 
thinking with the learners and teachers alike (Adisendjaja et al., 2017; Antink-Meyer et al., 
2016; Leblebicioglu et al., 2017). In these interventions participants carefully planned tasks to 
include the NOSI aspects as learning outcomes. 
2.11 CHAPTER SUMMARY 
This chapter constitutes a narrative summary of the literature review on the conceptual 
framework, school science curricula, core concepts, pedagogic approaches and findings of 
recent studies relevant to the current study. It analyses the role players of curriculum and 
pedagogy, relevant in developing informed understandings about scientific inquiry, which is 
the core of science teaching for this era. These role players included the national curriculum 
factors, international standards for inquiry enactment, teaching, learning and the assessment of 
inquiry, the differences between the work scientists do and what science learners do in school 
science investigative tasks., a narrative review of findings of recent studies and a summary of 
the chapter were also presented. 
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CHAPTER 3 - RESEARCH DESIGN AND METHODOLOGY 
3.1 INTRODUCTION 
The main aim of this chapter is to provide a detailed description of the processes followed in 
addressing the research questions, which guided this inquiry. The researcher also discusses the 
research paradigm, philosophical assumptions, sample selection; the research instruments used 
for data collection and the data analysis processes. The last part of the chapter offers a critical 
evaluation of the entire study for trustworthiness, credibility, transferability, dependability and 
ethical considerations. Figure 3.1 below provides an overview of the methodological processes 
followed in the two phases of the study. 
 
Figure 3.1:  Methodological summary for phase 1 & 2 of the study 
Source: Researcher 
Figure 3.1 summarises the steps followed in the different phases of the study. Phase one of the 
study was aimed at using the adopted open-ended VASI questionnaire to assess Grade 12 
science learners’ understandings about scientific inquiry and also to compare these 
understandings in township, suburban and independent schools. The second phase of the study 
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was aimed at validating participants’ questionnaire responses from phase one and probing for 
elaborations through semi-structured interviews. In addition, data collected from this phase was 
used to provide some of the explanations for the findings from phase one. A four-criterion 
model proposed by Lincoln and Guba (1985), was also used to evaluate trustworthiness of the 
research findings as discussed below in section 3.10. 
3.2 SITUATING THE AIMS, OBJECTIVES AND RESEARCH QUESTIONS 
The study focused on assessing the conceptual understandings of Grade 12 Physical and Life 
Sciences learners on the NOSI and the eight aspects that constitute it. The following research 
questions were therefore posed to propel the attainment of the research aims. 
1. What levels of understandings (views) do Grade 12 Physical and Life Sciences learners 
have about scientific inquiry? 
2. How do learners’ understandings about scientific inquiry compare and contrast in township, 
former model C and independent schools? 
The following objectives were set in order to in achieve the aim and eventually answer the 
research questions. 
 To assess Grade 12 Physical and Life Sciences learners’ understandings about scientific 
inquiry using the VASI questionnaire. 
 To validate and elaborate on learners’ VASI questionnaire responses and obtain new 
insights through follow-up semi-structured interviews with 15%-20% of participants. 
 To compare and contrast learners’ understandings about scientific inquiry across different 
school types, namely township, suburban (former model C) and independent schools. 
3.3 RESEARCH PARADIGM 
In any research project, the research paradigm assumed by the researcher describes the 
worldview that he or she holds about the nature of reality (Creswell, 2009; Patton, 2012; 
Schwandt, 2001). It is usually constructed on the “implicit assumptions, accepted definitions, 
comfortable habits, values defended as truth and beliefs projected as reality” (Patton, 2012, 
p. 286). Paradigms are usually deeply embedded in the philosophical assumptions which a 
researcher holds as legitimate and reasonable, such that what is done within the boundaries of 
a chosen paradigm when carrying out an inquiry is inherent to it. The paradigm also has direct 
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implications for the methods and designs employed in a research project and most of the time 
described as the foundation of how perceptions are formed (Patton, 2012). Traditionally three 
research paradigms, namely interpretivism, positivism and pragmatism have been used in 
research. Table 3.1 summarises the fundamentals of these paradigms. 
Table 3.1: Interpretivism, positivism and pragmatism Source: Adapted from Wilson (2010). 
 
As seen in Table 3.1, interpretivists hold that one’s knowledge of the world is socially 
constructed and embedded in the subjective views and values of humans (Frankael et al., 2015; 
Patton, 2012). They emphasise that the pursuit of absolute facts as targeted in objective inquiry 
typically carried out by positivist researchers is not attainable. On the other hand, “pragmatics 
can combine both positivist and interpretivist positions within the scope of a single research 
according to the nature of the research question” (Collis, & Hussey, 2014, p. 54) 
For this study, the researcher assumed a pragmatic research paradigm. Pragmatism was best 
suited for the study because it provided the researcher with the opportunity to “freely choose 
methods, techniques or procedures that meet the needs and purposes of research” (Creswell, 
2009, p. 11). The philosophical and methodological, positions assumed in pragmatism are 
outcomes oriented and target the use of what is best, to answer the research questions posed in 
an inquiry (Creswell & Creswell, 2017). 
3.4 RESEARCH METHODOLOGY 
Research methodology is defined as the collective set of activities and methods researchers 
engage in, to investigate nature and concepts (Patton, 2012). Yin (2003), also defines research 
methodology as the “plan that guides” the inquirer in the process of collecting, analysing and 
interpreting observations, (Yin, 2003, p. 21). The methodology employed is usually informed 
by the set of research questions to be answered, the research paradigm, techniques to be used, 
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theoretical assumptions and the nature of data desired to answer the research questions 
(Agresti, 2013). 
In the case of this inquiry, a generic qualitative research methodology was employed to assess 
Grade 12 learners’ understandings about the NOSI. Qualitative research is typically used in the 
study of socially constructed realities social and natural sciences (Patton, 2012). Using this 
methodology helped the researcher to focus on the qualities, processes and meanings of the 
entities within the study which could not be measured by experimentation. With the knowledge 
of the numerous benefits of qualitative research, and the given intimacy between the researcher 
and the object of research, this methodology was seen as best suited for the assessment of 
learners’ understandings about inquiry with open-ended questionnaire items and face-to-face 
interactions with the learners, by means of semi-structured interviews. Contrary to qualitative 
research, quantitative studies emphasise on measuring and analysing the relation between 
variables and the focus is mostly on quantities. Quantitative methods were not suited for this 
study, since reflections that are more explicit were needed from the participants. However, in 
the data analysis phase, an aspect of code counting was introduced as is commonly accepted in 
content analysis (Hsieh & Shannon, 2005) with the purpose of generating patterns of learners’ 
understandings about the NOSI. 
3.5 RESEARCH DESIGN 
The study employed a combination of content analysis with aspects of a generic qualitative 
design. These designs assisted the researcher in choosing specific schools from different school 
types to assess learners’ understandings about the NOSI. “Generic qualitative research draws 
on the strengths of one or more qualitative approaches” (Bellamy, Ostini, Martini & Kairuz, 
2016, p. 1). Kahlke (2014) further emphasises that the nature of generic qualitative studies is 
such that they do not “claim allegiance to a single established methodology” (Kahlke, 2014, 
p. 1). With generic qualitative studies, the researcher is provided with “an opportunity to 
develop research designs that fit researchers’ epistemological stance and discipline, research 
choices, including methodology and methods, being informed by the research question” 
(Bellamy et al., 2016, p. 1). Based the pragmatic nature of the study, these research design were 
best suited for situating the project because the researcher had the opportunity to use the 
different genres of interpretive description and descriptive qualitative research to answer the 
research questions which drove the inquiry. 
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3.6 POPULATION AND SAMPLE 
3.6.1 Population 
The target population of any study is the main group from which data can potentially be 
collected in order to generalise findings from the study (Creswell, 2015). However, it is not 
usually easy to have access to the entire population for a given study; hence there is need for 
sampling in order to obtain a portion of the population that can best provide the information 
which the researcher needs in order to “understand the central phenomenon” being explored 
(Creswell, 2015, p. 76). The population considered for this study included all Grade 12 learners 
in Johannesburg and surrounding high schools. This implies that to examine the research 
questions for generalisation, one would have to include over 1,500 high schools from 10 
education districts, which is a non-attainable target as the research was mainly guided by 
timelines, resources and scope. Therefore, a purposive sampling technique was employed to 
select Grade 12 learners from a group of six high schools from three Johannesburg education 
districts. 
3.6.2 Sample 
In the first phase of the study, 90 Grade 12 learners were purposively selected for the study 
using a criterion sampling technique. Purposive sampling (also known as selective or subjective 
sampling) is a sampling method that involves selecting samples with the consideration of their 
suitability in providing the responses that will assist the researcher to answer the research 
questions (Creswell, 2015; Frankael et al., 2015). On the other hand, criterion sampling is a 
type of purposive sampling technique, which involves using two or more criteria to select the 
sample. The sample for the study included 30 Grade 12 learners from two township schools 
referred to as schools A and B; 30 learners from two former model C schools, referred to as 
schools C and D; and 30 learners from two elite independent schools referred to as schools E 
and F, in this study. Table 3.2 provides an overview of the sample structure for the study. 
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Table 3.2: Sample structure 
 
As illustrated in Table 3.2 all 90 participants participated in phase 1 of the study while phase 2 
of the study constituted only 20% of the participants. The sample for phase 2 was selected by 
stratifying the participants’ responses into naïve, mixed and informed VASI, then selecting six 
participant learners from each of these three strata for follow-up semi-structured interviews. 
The six schools selected for participation in the study, were drawn from three out of 10 
education districts in the Johannesburg and its environs. The schools were selected from three 
different school types, excluding rural schools, in order to obtain a more representative sample 
of the learner population within the Johannesburg area. The criteria for sample selection 
included: 
 Learners had to be in Grade 12, doing both Life Sciences and Physical Sciences. (Biology, 
Chemistry and Physics). These learners were chosen because at Grade 12 they are assumed 
to have had optimum exposure to inquiry experiences over 12 years of schooling. 
 Participants had to be attending one of three main school types representative of the 
region’s learners. These different schools included township, former model C and 
independent schools. The sections below summarise the contextual differences in the 
school types. 
The sub-sections below summarise the different school contexts as a way of providing a 
background of the participants. 
3.6.2.1 Township schools 
Township schools that are located in the previously disadvantaged black communities under 
the apartheid regime. These schools are mostly attended by children of working-class parents 
and a majority of them are non-fee-paying schools, funded by the government. Most of the 
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schools in this category are usually under-resourced (lacking a science laboratory, library and 
knowledgeable laboratory staff) in terms of science teaching and learning (Reddy et al., 2016). 
The learners in such schools, though compelled by the curriculum to learn science in the 
English language, are not usually native English language speakers. In fact, most of them speak 
English as a second or even third language. Some impairments with the use of language in this 
group of learners are associated with not being able to differentiate scientific language and 
everyday language. For example, the use of a word like ‘evidence’ was mostly interpreted by 
the learners as meaning “proof” (evidence or argument establishing a fact or the truth of a 
statement). This everyday use of the word conflated with “evidence” within the context of 
scientific inquiry which is empirically formulated through the analysis of data to support or 
counter a scientific theory or hypothesis and make necessary conclusions and claims (Kapelari, 
2015). 
3.6.2.2 Former Model C schools 
The former Model C schools constitute the former whites only schools of the apartheid era. 
The schools in this category are usually adequately resourced, with laboratories, libraries and 
other facilities. The school in this category are mostly attended by children of middle-class 
parents and, although these are public schools, learners are meant to pay fees (Reddy et al., 
2016). Learners attending these school types are perceived to have better reading and writing 
skills than learners from township schools, because of the resources available both at home and 
in school. They are partially administrated and funded by parents and a governing body. Known 
as “Model C” schools during apartheid, the name has stuck and the best of them continue to 
offer good facilities and high academic standards. 
3.6.2.3 Independent schools 
These constitute mainly private schools, most of them of religious origin, and aim to provide 
learners with a spiritual foundation to complement their academic and physical 
accomplishments. Others subscribe to a particular learning philosophy. Similar to other 
countries, independent schools have better facilities, smaller classes and a larger selection of 
extra-curricular activities. They are mostly attended by children from upper middle class and 
wealthy parents and usually write school-leaving exit examinations (IEB, Cambridge O and A 
levels, GCSE, etc.) different from the NSC Matric written by Grade 12 learners in South 
African public schools. Like their peers in former Model C schools, they read and write and 
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speak better English and the schools are usually well-equipped in terms of laboratories, 
libraries and quality of teachers teaching sciences. 
3.7 DATA COLLECTION 
Data for the study was collected in two phases, four months apart. The first phase of data 
collection was done by means of the VASI questionnaire which has seven open-ended 
questions, with question 3 having two sub-sections, which assess two different NOSI aspects. 
In the second phase of the study, data was collected by means of semi-structured interviews 
with 20% of the participants. The main aim of this phase was to elicit elaboration on learners’ 
responses for VASI questionnaire responses from phase one. The section below provides a 
description of the research instruments and how these instruments were used for data 
collection. 
3.7.1 The VASI questionnaire 
The VASI questionnaire is an open-ended questionnaire developed with the main aim of 
assessing understandings about the NOSI, without including tenets of the NOS. Open-ended 
questionnaires are qualitative data collection instruments, which provides respondents with the 
opportunity to give responses based on their complete knowledge, understandings and feeling 
(Leedy & Ormrod, 2014). Creswell (2015) also emphasises the importance of using 
unrestricted open-ended questions, which will allow participants to “provide information 
without constraints” (Creswell, 2015, p. 29). The validated VASI questionnaire (see Appendix 
F) was adopted and used for the study, because it was best suited to elicit learners’ 
understandings about scientific inquiry. 
The VASI instrument was developed by Lederman et al. (2014), as an improvement and 
modification of the VOSI questionnaire, developed by Schwartz et al. (2008). Just like the 
VOSI, the VASI questionnaire focuses on assessing the understandings learners (K-12), tertiary 
and teachers have about scientific inquiry. Even though the VOSI provided a good measure of 
understandings about scientific inquiry (five aspects), some three aspects about scientific 
inquiry, namely: “inquiry procedures are guided by the question asked”, “research conclusions 
must be consistent with the data collected”, and “explanations are developed from a 
combination of collected data and what is already known” (Lederman et al., 2014, p. 75) were 
not included in the instrument. As a result three additional questions were included in the VASI 
to accommodate these aspects (Lederman et al., 2014) 
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The eight aspects embedded in the VASI questionnaire align with the scientific processes and 
practices as promoted in the framework for K-12 (NRC, 2012) and the NGSS (2013). The 
standards and framework which frame science teaching and learning in United States schools, 
have been known to resonate with most science education reforms globally, inclusive of South 
Africa. As with the framework for K-12 (NRC, 2012) the NCS R-12, covered in the CAPS, 
emphasises the need for learners to engage in investigations that will enable them to solve real-
life problems (DBE, 2011a). The curriculum encourages science learners to appreciate the 
relevance of scientific questions, the different types of scientific investigations and the ability 
to handle data and provide explanations for findings from scientific investigations. That is why 
the instrument as first piloted in a South African study by Gaigher et al. (2014) was considered 
suitable for the study. 
 
 
 
 
 
 
Table 3.3: Scientific Inquiry Aspects and corresponding items on VASI questionnaire  
 
Adapted from Lederman et al. (2014) 
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Table 3.3 illustrates how the eight aspects of scientific inquiry are represented in the VASI 
questionnaire items. 
3.7.2 Piloting the VASI 
The VASI questionnaire as earlier indicated was first piloted in a South African study with 105 
Grade 11 learners across a diverse spectrum of differently resourced schools (Gaigher et al., 
2014). For this study, the main aim of piloting the VASI questionnaire was to ensure that the 
questionnaire was readable and explicit enough for participant learners. The researcher also 
used this phase to identify learners’ language preferences for the VASI instrument and ensure 
that what the participants wrote as a responses to a VASI questions, were indeed what they 
meant as understood by the researcher. 
The first step in piloting the VASI questionnaire was done by translating and back translating 
the questionnaire from English to isiZulu, an African language commonly spoken by the 
inhabitants of Johannesburg and its environs. The purpose of translating and back translating 
the questionnaire was to ensure that core meanings of questionnaire items were not lost if 
participant learners preferred a translated version. However, all participants of the pilot and 
main studies preferred the English version of the questionnaire, as English is the language of 
science teaching and learning for most Johannesburg schools. 
The researcher also acknowledges the bias of considering forward and back translation in only 
one language, as this excluded the rest of the learners who spoke different official languages. 
3.7.3 VASI questionnaire data collection for the main study 
In the first phase of the study, the VASI questionnaire was administered to all 90 participant 
Grade 12 learners under examination conditions. Prior to the administration of questionnaires, 
the researcher discussed the overall purpose of the assessment with learners, reassuring them 
that the VASI questionnaire was not a test. She also mentioned that no collaborative answering 
of the items was encouraged, since the study aimed at assessing learners’ individual 
understandings about the NOSI. The researcher and science teachers were present to ensure 
that these conditions were maintained. A maximum of one hour was provided to complete the 
open-ended questions in order to accommodate all learners as informed by the times recorded 
during the pilot study. 
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3.7.4 Semi-structured interviews 
According to Patton (2012), semi-structured interviews are interviews which already have 
several key questions patterning to the study, but still give the researcher the flexibility to 
pursue an idea. In summary, these kinds of interviews fall between structured and unstructured 
interviews in which participants are expected to answer predetermined sets of questions, which 
allow for “probing and clarification of provided responses” (Maree, 2010, p. 87). For this study 
a set of predetermined follow-up questions (see Appendix G) was used to cross-examine and 
validate individual learner’s responses to the VASI questionnaire and establish if any of the 
views provided in their questionnaire responses, changed. 
The main aim of choosing semi-structured interviews rather than in-depth interviews was to 
elucidate learners’ responses on the VASI open-ended questions and not to start a deeper level 
of open conversations, which might have caused the participants to stray from the target 
responses relevant for answering the research questions. 
As earlier indicated in section 3.6, the sample for the semi-structured interviews constituted 
20% (18 learners) of the 90 participants in which a set of predetermined questions (Appendix 
G) was asked and learners’ responses were audio recorded. The sample size for this phase of 
the study was a recommendation by the VASI questionnaire authors, Lederman et al (2014). 
This phase of data collection commenced four months after all the VASI questionnaires had 
been administered, collected, coded and analysed. 
In establishing the sample for semi-structured interviews, the VASI questionnaire data, had to 
be completely analysed. Firstly inter-coder reliability of learners’ responses to the VASI 
questions had to be established. A random 10% sample of the completed VASI questionnaires 
were read and coded independently by eight different coders, including four of the VASI 
questionnaire authors who are science education experts. An inter-coder agreement of more 
than 90% was reached for each VASI item. Learners’ responses were then classified as naïve, 
mixed or informed understandings. Naïve understandings referred to responses, which were 
not consistent with the NOSI aspect or were contradictory, while mixed understandings 
referred to responses which were only partially consistent with an aspect or were correct, but 
learners could not provide a satisfactory explanation for their reasoning. Informed 
understandings on the other hand, referred to responses which were completely consistent with 
an aspect and learners could provide satisfactory explanations for their reasoning. Post-coding 
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of the entire data, numerical values were attributed to the codes, in order to generate scores on 
the questionnaire responses. The scores included no response coded as zero, naïve responses 
scored one, mixed responses scored two and informed responses scored three. After computing 
questionnaire scores, a stratified sampling technique based on the scores was employed to 
select 20% percent of the first phase participants for semi-structured interviews in the second 
phase of the study. Three strata, namely informed, mixed and naïve understandings were 
created and the questionnaires separated accordingly. Six learners were then selected using 
convenience sampling from each of the strata for follow-up semi-structured interviews. 
The rationale for including semi-structured interviews was for learners to elucidate and 
elaborate on the responses which they provided in the VASI questionnaire, as recommended 
by the questionnaire authors (Lederman et al., 2014). Furthermore the semi-structured 
interviews provided an opportunity for the researcher to triangulate the data for the study. 
During the interviews, the researcher also probed for new insights as to the sources of the views, 
which the participants expressed about scientific inquiry. All the interviews were audio 
recorded and transcribed. The transcribed text was coded using a hybrid of predetermined 
deductive and open coding. 
3.8 DATA ANALYSIS 
In a qualitative study, data analysis is usually characterised by the ability for a “researcher to 
begin with a large body of information” which is narrowed down through inductive reasoning 
by sorting and categorising it down “to a small set of abstract, underlying themes” (Leedy & 
Ormrod, 2014, p. 160). Even in content analysis, the approach adopted for this study, there is 
need for the collected data to be scrutinised for meaningful characteristics which be identified 
and counted (Leedy & Ormrod, 2014, p. 160). The sections below provide an in-depth 
description of content analysis and the techniques and strategies employed for the analysis of 
data collected in phase 1 of and 2 of this study. 
3.8.1 Qualitative content analysis 
The study followed a directed qualitative content analysis (QCA) design. QCA is defined as “a 
research method for the subjective interpretation of the content of textual data through the 
systematic classification process of coding and identifying themes or patterns” (Hsieh & 
Shannon, 2005, p. 1278). It also follows “content analytic rules and step by step models, 
without rash quantification” (Mayring, 2000, p. 2), even though some quantifying of the 
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qualitative results is allowed for visualising trends and patterns (Leedy & Ormrod, 2014; 
Mayring, 2000, 2014). In summary, QCA will help a researcher to “identify core consistencies 
and meanings” (Patton, 2002, p. 453) within the data they are analysing and is widely employed 
in education and nursing research. Three approaches are associated with QCA, including 
conventional content analysis, directed/deductive content analysis and summative QCA. Table 
3.4 summarises the differences in the three types of QCA. 
Table 3.4: Differences in the types of QCA 
 
Source: Adapted from Hsieh and Shannon (2005) 
As illustrated in Table 3.4, some of the main differences in the types of QCA lie in the way the 
coding categories for coding textual data are generated. In the conventional content analysis, 
the researcher immerses themselves in the data and obtains the coding categories directly from 
the text (Elo et al., 2014). Meanwhile in a directed/deductive content analysis, coding 
categories are guided by the theoretical framework of the study and reliable findings from 
previous research (Frankael et al., 2015; Gilgun, 2013; Hsieh & Shannon, 2005; Schreier, 
2012). On the other hand, summative content analysis involves counting and comparing mainly 
the key words within textual data. 
Despite the fact that QCA is widely used in medical and educational research, it has its own 
disadvantages. One of these disadvantages is the lack of clarity on its procedures and how 
researchers report it (Gilgun, 2013). Issues of trustworthiness arise concerning the lack of 
details when reporting QCA (Guba & Lincoln, 1994; Polit & Beck, 2012; Schreier, 2012) 
especially on how the data analysis is done. One of the aspects that ensures the credibility of a 
QCA study is the sample size (Elo et al., 2014; Graneheim & Lundman, 2004). Specifically, it 
is important that the researcher describes the homogeneity or differences, which are 
characteristic of the sample, in order to ensure that steps in sample collection, are reproducible 
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(Frankael et al., 2015; Elo & Kyngäs, 2008). The sample for the study has been well described 
in section 3.6.2 accordingly. 
For this study, deductive content analysis was preferred because the coding scheme for 
analysing the questionnaire data, were directly generated from the conceptual framework 
underpinning the study as described in Chapter 2 and previous studies. The underpinnings of 
eight cognitive aspects about the NOSI and previous studies, specifically Lederman et al. 
(2014) and Gaigher et al. (2014) also provided the some of the guidelines on the manual coding 
and analysis of the data from VASI questionnaire responses. The aforementioned studies 
provided the definitions of naïve, mixed and informed understandings about the NOSI, which 
guided how codes were allocated to participants’ responses to the open-ended items. Inter-
coder reliability was also established prior to the full coding process of VASI questionnaires. 
3.8.2 Analysis of VASI questionnaire data 
The questionnaire data was manually analysed by coding the responses using a coding agenda 
adapted from a rubric used in the South African pilot study (Gaigher et al., 2014) provided in 
Table 3.5 below. 
61 
Table 3.5: Coding agenda for coding VASI questionnaire responses [Adapted from Gaigher et al. 
(2014)] 
VASI item & 
NOSI Aspect 
Naïve Mixed Informed 
1a, b, and c: 
Scientific 
investigations 
may follow 
different 
methods. 
1c: Only one 
Scientific method 
Or any two/more 
mistakes, e.g. 1b: 
yes, experimental 
and 
1c: Similar or No 
Examples 
provided 
 
No more than one of 
the following types of 
mistakes: 
1b: Yes, it is an 
Experiment 
Or 1c: one general 
Method 
Or 1c: both examples 
are experimental 
Or 1c: both examples 
are non-experimental 
All three answers must 
be appropriate 
1a: Yes, the investigation 
is scientific as it aims to 
explain some aspect of the 
natural world 
1b: No, it is not an 
experiment as there is no 
manipulation/control of 
variables/testing 
1c: Yes, investigations 
can follow different 
methods: experimental/ 
practical/testing as 
opposed to nonintrusive/ 
non experimental/ 
research/ 
investigation/ 
observation/theoretical/ 
not-practical 
Two suitable examples 
required: one 
experimental and the 
other non-experimental 
2. A scientific 
investigation 
should begin 
with a question 
not necessarily 
be testing a 
hypothesis 
Investigation 
should start with 
a hypothesis; 
also questions 
are not essential 
A question is useful, 
but is regarded as part 
of a formal structure, 
investigation may be 
undertaken first and 
questions formulated 
later 
A scientific question is the 
main reason why an 
investigation is undertaken, a 
driving force to begin the 
investigation or inquiry. 
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VASI item & 
NOSI Aspect 
Naïve Mixed Informed 
3a. All scientists 
performing the 
same procedures 
may not get the 
same results 
Similar 
procedures 
would always 
lead to the same 
results 
Imperfect 
experimental 
conditions may lead to 
different results 
The human factor may 
cause different 
interpretations of similar 
data, leading to different 
results 
3b. Procedures 
followed in 
scientific 
investigations 
can influence 
results 
Only one result is 
possible 
regardless of the 
procedure 
Different results would 
be primarily caused by 
the different 
interpretations 
Different procedures 
would yield different 
data sets which would 
lead to different results 
4. Data are not 
the same as 
scientific 
evidence 
There is no 
difference 
between 
data and 
evidence 
Evidence differs from 
data; unclear/wrong/no 
Explanation 
Evidence is generated 
from data, to support a 
claim/conclusion 
5. Question 
drives the 
process of 
scientific 
investigations 
Team B did 
better, illogical 
or no 
Explanation 
 
 
Team A did better, no 
explanation/argues 
that the tire has a 
larger effect than road 
Or, B did better and 
argues that the 
different roads have 
different effects on 
tires. 
 
 
Team A did the best 
experiment because they 
addressed the investigative 
question 
 
6. Conclusions 
should be 
consistent with 
data collected 
Option (a) is 
correct, with or 
without an 
explanation 
Alternatively, 
option (c) with 
no or illogical 
explanation. 
Option (c) is correct, 
i.e. ‘growth not related 
to sunlight’ with an 
explanation 
Or, option (b) without 
explaining 
Option (b) is correct, i.e. 
‘plants grow taller with less 
sunlight’ because the data 
showed such a trend 
Speculations about the 
‘unusual’ data are acceptable 
provided option (b) is chosen 
 
7a & b. 
Explanations 
must be based on 
One or no 
relevant ideas. 
Only two relevant 
ideas.  
Three relevant ideas: Two 
reasons: function of ideas 
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VASI item & 
NOSI Aspect 
Naïve Mixed Informed 
data and existing 
scientific 
knowledge 
 larger hind legs/ 
comparison with 
existing models of 
dinosaurs/fitting of 
joints 
One information type: 
existing knowledge of 
dinosaurs/skeletons/ 
joints 
 
As indicated in Table 3.5, learners’ responses were either classified as naïve, mixed or informed 
understandings about scientific inquiry. Naïve understandings referred to responses which were 
not consistent with the NOSI aspect or were contradictory in nature, while mixed 
understandings referred to responses which were only partially consistent with a NOSI aspect 
or were correct but learners could not provide a satisfactory explanation for their reasoning. 
Informed understandings, on the other hand, referred to responses which were completely 
consistent with a NOSI aspect and learners, could provide satisfactory explanations for their 
reasoning (Lederman et al., 2014). 
Table 3.6 shows an example of how one of the participant’s questionnaire were coded. 
Table 3.6: Sample of scored VASI questionnaire 
Number VASI questionnaire item Code Score 
 
Q1 
1. A person interested in birds looked at 
hundreds of different types of birds who eat 
different types of food. He noticed that birds 
who eat similar types of food, tended to have 
similar shaped beaks. For example, birds that 
eat hard-shelled nuts have short, strong beaks, 
and birds that eat insects have long, slim 
beaks. He wondered if the shape of a bid’s 
beak was related to the type of food the bird 
eats and he began to collect data to answer 
that question. He concluded that there is a 
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Number VASI questionnaire item Code Score 
relationship between beak shape and the type 
of food birds eat. 
 a. Do you consider this person’s investigation 
to be scientific? Please explain why or why 
not. 
  
Learner: “No because the person did not use any 
scientific enquiry. He did not mix chemicals 
or do anything that has to do with science.” 
Naïve  
1b. (b). Do you consider the person’s 
investigation to be an experiment, please 
explain why or why not? 
  
Learner: “Yes the person was really experimenting as 
he just went out to look at the birds and make 
some conclusions.” 
Naïve  
1c. c). Do you think scientific investigation can 
follow more than one method? If yes, please 
mention the two investigations that follow 
different methods and how those methods 
differ 
  
Learner: “I do not think scientific investigations can 
follow more than one method. In other to 
collect data we need to search, we need to 
investigate to find the things we need. That 
process is an experiment.” 
Naïve 1 (overall 
combined 
score for 
question 
1) 
Q2 2. Two students are asked if scientific 
investigations must always begin with a 
scientific question. One of the students says 
“yes” while the other says “no”. Whom do 
you agree with and why? 
 
  
Learner: “I agree with the student that said yes because 
it all starts with a question which will help us 
to investigate something, maybe help us in 
choosing the procedure too.” 
Informed 3 
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Number VASI questionnaire item Code Score 
Q3a 3(a) If several scientists ask the same question 
and follow the same procedures to collect 
data, will they necessarily come to the same 
conclusions? Explain why or why not. 
 
  
Learner: “No, because every scientist has a different 
point of view. So this also applies to the 
investigations they may always come up with 
different conclusions.” 
Informed  3 
Q3b 3(b) If several scientists ask the same question 
and follow different procedures to collect data, 
will they necessarily come to the same 
conclusions? Explain why or why not. 
  
Learner: “No, it all depends on how they started. They 
may come up with different answers. So there 
are possibilities of that they can conclude the 
same but because of the different methods I 
don’t really think they would come to the 
same conclusions.” 
Mixed 2 
Q4 4. Please explain if “data” and “evidence” are 
different from one another. 
 
  
Learner: “For me evidence and data are the same thing. 
This is because when scientists come with a 
theory they need to have evidence for it as 
well as data. Evidence must also be something 
you can see and data can include numbers, but 
since it is for the same purpose, I believe they 
are the same. Evidence must be something we 
can see, which proofs things.” 
Naïve 1 
Q5 5. Two teams of scientists were walking to 
their lab one day and they saw a car pulled 
over with a flat tire. They all wondered, “Are 
certain brands of tires more likely to get a 
flat?” 
Team A went back to the lab and tested 
various tires’ performance on one type of road 
surface. 
Team B went back to the lab and tested one 
tire brand on three types of road surfaces. 
Explain why one team’s procedure is better 
than the other one. 
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Number VASI questionnaire item Code Score 
Learner: “Team A, because they are testing the various 
types of tyres as per the research question 
posed in the scenario.” 
Informed 3 
Q6 The data table on question six of the VASI 
shows the relationship between plant growth 
in a week and the number of minutes of light 
received each day. Given the said data, 
explain which one of the following 
conclusions you agree with and why. 
a) Plants grow taller with more sunlight. 
b) Plants grow taller with less sunlight. 
c) The growth of plants is unrelated to 
sunlight. 
Please explain your choice of a, b, or c below: 
 
  
Learner: “B, plants as we see in the table the more light 
the less the plant grows. When the light 
become too much there was no growth.” 
Informed 3 
Q7a 7. The fossilized bones of a dinosaur have 
been found by a group of scientists. Two 
different arrangements for the skeleton are 
developed as shown in the diagrammatic 
representation on VASI question seven 
a. Describe at least two reasons why you think 
most of the scientists agree that the animal in 
Figure 1 had the best sorting and positioning 
of the bones? 
  
Learner: “The animal in figure one had strong lower leg 
bones to support its weight. It also has great 
balance due to stronger leg bones. This helps 
the animal stay upright and more likely to 
reach for food hence survival” 
Informed  
Q7b b. Thinking about your answer to the question 
above, what types of information do scientists 
use to explain their conclusions? 
 
  
Learner: “It all starts from finding some fossil 
evidence, making observations, using the data 
they collected and checking out the work that 
has been done by other scientist to guide their 
conclusions.” 
Informed 3 overall 
combined 
score for 
question 7 
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Number VASI questionnaire item Code Score 
 Total VASI score  19/24 
 
Table 3.6 illustrates how one participant’s questionnaire responses were coded and scored 
during the content analysis process for the all eight VASI items. A composite score and code 
were allocated for questions 1a, b and c and questions 7a and b, because the items jointly 
assessed a single aspect about scientific inquiry. Question 3a and 3b, on the other hand, 
assessed separate aspects of the NOSI, and hence were coded and scored independently. 
3.8.3 Inter-coder reliability 
Inter-coder reliability is the degree of agreement among independent raters or coders and it 
describes the consensus and homogeneity of codes or ratings allocated to open-ended responses 
by independent judges (Krippendorff, 2013). It is can also be referred to as inter-rater 
reliability, agreement or concordance and can be calculated using different measures such as 
inter-class correlation (ICC), Cohen's kappa and Fleiss’ kappa (Gwet, 2014; Krippendorff, 
2013). 
In order to ensure reliability in the coding of the responses to the VASI questionnaire, a random 
10% sample of the completed VASI questionnaires were read and coded independently against 
the coding agenda by eight different science education experts. For the VASI questionnaire 
items where the coders did not agree, the panel further deliberated on the responses until an 
agreement was reached. At the end of this process an inter-coder agreement of more than 98% 
was reached for each VASI item. The researcher then read all the remaining questionnaires and 
completed the coding process. More reliability checks were done on questionnaire data once 
the researcher had finished coding the entire data, to ensure that the responses provided by 
learners were coded accordingly. 
3.8.4 Analysis of semi-structured interview data 
Transcribed text from audio recordings of semi-structured interviews were analysed using 
content analysis. The researcher employed a hybrid coding technique in the coding process, 
which included, the use of “a priori” and open codes in order to accommodate the unexpected 
insights that arose from the probes. “A priori” codes are predetermined codes which are 
generated from a theoretical or conceptual framework and sometimes from previous studies 
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(Assarroudi, Hashmi, Reza Armat, Ebadi & Vaismoradi, 2018; Mayring, 2014; Schreier, 
2014). Open coding on the other hand is inductive in nature and directly derived from the text. 
(Creswell & Creswell, 2017; Henning, van Rensburg, & Smit, 2004). The choice of analysis 
resonated with the fact that there was an existing conceptual framework of aspects about 
scientific inquiry on which the study is founded. The used of open coding was employed to 
support in-depth interpretation of how learners view scientific inquiry. All interview transcripts 
were analysed with the assistance of Atlas.ti version 8 computer software for analysis of 
qualitative data. 
All the transcripts were read to get a holistic understanding of the responses. Coding 
commenced with the second round of readings and codes were assignment to different 
segments of the text. Again, the codes naïve, mixed and informed were used, to code the 
responses that were not consistent, partially consistent and completely consistent with the 
aspect of scientific inquiry. 
The third round of reading saw the researcher including open codes to different segments of 
the text, and further grouping these codes to form categories as is common in axial coding 
(Henning et al., 2004). After the coding process had been completed all codes were extracted 
and grouped, with the help of the software, As is typical of content analysis, the codes were 
also counted to establish patterns and a table created to illustrate a summary of the findings. 
Figure 3.2 shows the code-to-theory model that was followed in the coding process to generate 
the themes that were extracted from the data. 
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Figure 3.2: Codes-to-theory model for qualitative enquiry 
Source: Adapted from Saldaña (2016, p. 14) 
As illustrated in Saldaña’s (2016) code-to-theory model in Figure 3.2, transcripts (data) were 
read and codes assigned to them. Similar codes were then combined to form new groups 
referred to as sub-categories or categories in a process called axial coding (Henning, 2004; 
Strauss & Corbin, 1998). The categories were further combined into themes based on which 
the researcher provided thick descriptions of the learners’ understandings about scientific 
inquiry. 
3.9 EVALUATION OF THE RESEARCH PROCESSES 
Lincoln and Guba (1985), developed a set of the most widely used criteria for evaluating 
qualitative research which take into consideration the terms trustworthiness, credibility, 
transferability and dependability. All these criteria are also usually used to evaluate the process 
of QCA. The section below describes the way the study was evaluated. 
3.9.1 Trustworthiness 
Trustworthiness in a qualitative research is important in enhancing confidence in the 
researcher’s findings. (Lincoln & Guba, 1985). It describes how believable the findings of a 
study are (Elo, Kääriäinen, Kanste, Pölkki, Utriainen, & Kyngäs, 2014, p. 2). In this study, 
trustworthiness/credibility were ensured from the beginning through to the end of the study by 
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ensuring that critical peer reviews accompanied every step and stage of the research in other to 
check for “bias, neglect or lack of precision” as recommended in Henning et al. (2004, p. 148). 
Data was collected through open-ended questionnaires and semi-structured interviews (for 
triangulation); member checking was ensured by asking the participants to validate their 
contributions, by constantly checking with them if the data they provided had been captured 
and interpreted accurately; and finally, providing a ‘thick description’ of the “research 
methodology and context” in the research report as proposed by Li (2004, p. 305). In a QCA 
specifically, trustworthiness is important in enhancing confidence in the researcher’s findings. 
(Lincoln & Guba, 1985, Frankael et al., 2015). There are specific steps divided into three phases 
which must be followed from the start of the data collection period until the reporting phase of 
a QCA, in order to ensure trustworthiness (Elo et al., 2014). The flow chart in  
Figure 3.3 shows the steps among all the prior mentioned generic qualitative research steps 
followed in this study by the researcher to ensure trustworthiness. 
 
Figure 3.3: Steps followed to ensure trustworthiness in content analysis 
Source: Researcher 
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3.9.2 Credibility 
Credibility considers the quality of findings for any qualitative study and constitutes a major 
indication of the trustworthiness of the study (Creswell, 2014). It also describes how believable 
the findings of a study are, just like trustworthiness. It depends more on the richness of the 
information gathered, rather than the amount of data gathered (Elo et al., 2014, p. 2). 
In the case of this study, the researcher examined five of six steps proposed by Guba and 
Lincoln, (1994), to ensure credibility, namely “prolonged engagement, peer debriefing, 
persistent observation, progressive subjectivity and member checks”. Negative case or deviant 
case analysis which is typically used as a strategy to monitor cases which deviate significantly 
from the normal was not applicable to the study as the data and results obtained through the 
different phases did not show deviation from the normal. Hence, for ensuring the credibility of 
this study, five steps outlined in Figure 3.4 were followed. 
 
Figure 3.4: Steps for ensuring credibility 
Source: Researcher 
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As seen in Figure 3.4, the researcher ensured member checks from the start to the end of the 
research project by asking the participants to validate their contributions to the study outcomes, 
by constantly checking with them if the data they provided was captured and interpreted 
accurately (Merriam, 1998). 
There was prolonged engagement over a period of four months between phase 1 and 2 of data 
collection. This engagement was relevant for the researcher to interact with the learners and 
teachers at the participant schools throughout the duration of the study. Apart from the steps 
listed in Figure 3.4 the researcher also ensured triangulation by collecting data through 
questionnaires and semi-structured interviews (Merriam, 1998). The researcher also provided 
a ‘thick description’ of the “research methodology and context” in the research report 
(progressive subjectivity) as proposed by Li (2004, p. 305). An audit trail of all the raw 
questionnaire and interview data were kept, in order to be able to validate the decisions made 
during collection, recording and analysis of the data, if the need arose (Merriam, 1998). 
3.9.3 Transferability 
Transferability refers to the extent to which the findings of a qualitative study can be transferred 
to a different context with different participants (Guba & Lincoln, 1994). According to Bitsch 
(2005), the “researcher facilitates the transferability judgment by a potential user through ‘thick 
description’ and purposeful sampling” (Bitsch, 2005, p. 85). In this study, transferability was 
ensured through purposive sampling of participants who could provide the best possible 
insights for the inquiry. The researcher provided a rich and thick description of the all the 
findings from analysis of data of the two phases of the study. 
3.9.4 Dependability 
Bitsch (2005), defined dependability as “the stability of findings over time” (p. 86). 
Dependability involves participants’ evaluations of the findings, interpretation and 
recommendations of the study to ensure they informed by the data collected by the researcher 
(Cohen et al., 2011; Tobin & Begley, 2004). Audit trails, coding and recoding through the 
entire data as well as replicability are some of the strategies used in qualitative research to 
ensure dependability. 
Two of aforementioned aspects for ensuring dependability were followed. The researcher went 
back and forth with the participants three time to ensure that their input was understood during 
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the coding process. This was done after the first cycle of coding was completed, by returning 
to the school with learners’ responses and probing for further elaborations and change of views, 
if any. An audit trail was kept for all data from both phases of the inquiry. These measures 
were taken to ensure that the study was reproducible in different contexts (De Vaus, 2001; 
Miles & Huberman, 1994), and to provide clarity to the consumers of the research findings 
(Frankael et al., 2015) on how the study was evaluated. 
3.10 ETHICAL CONSIDERATIONS 
Ethics and ethical principles define a measuring lens for human behaviour, and provide the line 
between wrong and right. Ethical considerations, therefore, become an important aspect of 
research as they provide guidelines for respecting the participants in a study, maintaining 
confidentiality, ensuring participants volunteer to participate and ensuring that a researcher’s 
behaviour is acceptable and no harm is done to human or animal life (Creswell, 2009; Frankael 
et al., 2015) in the course of carrying out research. Ethical standards are also important in 
preventing fabrication in research data and evidence, and hence are relevant in ensuring that 
research pursues the truth in every inquiry as one of its fundamental goals. According to 
Mouton (2001), ethical standards should be four-fold, in relation to the practice of science, the 
society, subjects of science and the environment as indicated in Figure 3.5. 
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Figure 3.5: Ethics in Research 
Source: Adapted from Mouton (2001). 
Extracting from Mouton’s four strands as seen in Figure 3.5 the researcher ensured that the 
practice of science was upheld, by collecting data herself, checked with participants, to validate 
their contributions to the study and ensured that all external contributions were duly cited. 
In relation to the society, all the steps in obtaining the relevant permissions were followed prior 
to the fieldwork. Permission to adopt and use the VASI questionnaire was also obtained from 
the questionnaire authors (See Appendix J). Initial ethics clearance was obtained from the 
University of Johannesburg (Appendix A) at the proposal phase, as the university’s standard 
procedure for all research activity. After the institutional ethics clearance was obtained, the 
next level of clearance was obtained from the Department of Basic Education (Appendix B), 
to facilitate access to the selected high schools and ensure that the Gauteng Department of 
Education is aware of and accountable for all research activities within its schools. 
In relation to the subjects of science, who constitute the participants in the study, the researcher 
ensured that all the relevant consents from school principals (Appendix C), class teachers 
(Appendix D), parents and participating learners (Appendix E) were obtained. Confidentiality 
and anonymity (Pseudonyms used for descriptions) were maintained at all levels of data 
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collection and the write-up. Participation of all learners and schools were strictly voluntary and 
participants reserved the right to withdraw their consent at any time. Finally, no financial or 
other benefits were promised to the schools or learners who participated in the study. 
Lastly, in relation to the environment, no aspect of the study constituted any possible hazard to 
the environment and therefore the researcher was cleared of this strand of ethics. 
3.11 CHAPTER SUMMARY 
In this chapter, the description of the research methodology, design, sampling techniques, data 
collection procedures, data analysis and the evaluation of the study are presented. Also included 
in the chapter are a description of the main research instrument, the VASI questionnaire, the 
context of the different schools selected for the study and the rationale for selecting all the 
methods employed for the study. The chapter concludes with a description of the research 
evaluation processes of credibility, trustworthiness, dependability, transferability, ethical 
considerations and a chapter summary. 
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CHAPTER 4 - ASSESSMENT OF SCIENCE LEARNERS’ 
UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY. 
4.1 INTRODUCTION 
In this chapter, the results and findings of the QCA conducted for the open-ended responses 
provided in the VASI questionnaire and the transcribed textual data from the semi-structured 
interviews are presented and discussed. The main aim of this chapter is to answer the first 
research question: 
What level of understandings do Grade 12 Physical and Life Sciences learners have about 
scientific inquiry? 
The flowchart in Figure 4.1 provides an overview of the steps that will be followed in 
presenting the chapter. 
 
Figure 4.1: Presentation flowchart for Chapter 4 
 
As illustrated in the flowchart above, the results of inter-coder reliability established during the 
manual coding process of the VASI questionnaire responses is reported, followed by a report 
of the mean distribution of participants’ VASI questionnaire scores. In addition, the results of 
descriptive statistics from counting the percentage of naïve, mixed and informed codes in all 
learner questionnaires are presented and discussed supported by the presentation and discussion 
of the findings from semi-structured interviews. A summary of the findings from both phases 
1 and 2 of the study and a chapter summary conclude the chapter. 
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4.2 INTER-CODER RELIABILITY 
After VASI questionnaires had been administered and collected, the first stage of data analysis 
involved, establishing inter-coder reliability by eight science education experts including four 
of the VASI questionnaire authors of the VASI questionnaire authors. As seen in Chapter 3 
above, responses that were completely consistent, partially consistent or contradictory and 
completely inconsistent with NOSI aspects were coded as informed, mixed and naïve 
understandings respectively. This step was followed by the actual manual coding of 10% of the 
completed VASI questionnaire data by eight independent coders and inter-coder reliability was 
then calculated through the ICC coefficient using a two-way mixed consistency, average 
measure (McGraw & Wong, 1996) with IBM SPSS 25, to assess the degree of coders’ scoring 
consistency on VASI questionnaire responses. The resulting ICC was in the excellent range, 
ICC = 0.99 (Cicchetti, 1994), indicating that coders had a high degree of agreement in the ways 
in which they allocated the different codes to the VASI items. Table 4.1 shows the results of 
the ICC for VASI items for all eight coders. 
Table 4.1: Measure of inter-coder reliability 
 
Intraclass 
Correlationb 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound Upper Bound Value df1 df2 Sig 
Single Measures .992a .982 .997 388.882 14 28 .000 
Average 
Measures 
.997 .994 .999 388.882 14 28 .000 
 
Table 4.1 reveals the average agreement score between the independent coders, showing both 
the lower and upper bound of single VASI items at .98 and .99 respectively. These findings 
indicate that between 98% and 99% agreement was recorded among coders on the codes 
allocated for all the eight VASI items, which, according to Cicchetti (1994), is an excellent 
range. The researcher then proceeded to code the remaining 90% of the data using all the codes 
as agreed by independent coders, with intermittent checks and balances by some of the coders 
to ensure that codes were correctly allocated to the responses. 
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4.3 DISTRIBUTION OF PARTICIPANTS 
Table 4.2 shows the summary of participants’ distribution for each of the different school types. 
It is also worth mentioning that the VASI was not targeted for examining the demographic 
details (race, age, gender) of the learners, but a holistic assessment of learners’ understandings 
about scientific inquiry at the specific grade level. However, the researcher ensured that the 
schools selected excluded single-gender schools, to avoid any gender biases that might have 
affected the findings in any way. 
Table 4.2: Sample Size Distribution table 
 
The counts on Table 4.2 indicate an equal distribution of participant Grade 12 learners from 
the six schools selected for the study. The schools included two schools from each school type 
namely township, former Model C and independent schools. Fifteen learners were purposefully 
selected from each of the six participant schools, making 30 learners for each school type 
(33.3%). All the learners from six schools (n=90) participated in phase 1 of the study. 
4.4 FINDINGS AND DISCUSSIONS FROM THE VASI QUESTIONNAIRE 
After inter-coder reliability had been established, the researcher used the coding agenda to code 
the remaining 90% of the questionnaire data. Manual coding was completed and all the coded 
responses were captured on SPSS, to facilitate the further descriptive analysis of the data, 
through the calculation of means, counts and percentages. The first step of the analysis included 
running descriptive statistics on the entire data set in order to provide a holistic picture of Grade 
12 learners’ understandings about scientific inquiry. This step which is not traditionally 
qualitative in nature (Creswell, 2009), is accepted in the QCA (Frankel et al., 2015; Leedy & 
Ormrod, 2014; Mayring, 2014) for showing code frequencies. Descriptive statistics are also 
acceptable as a means to an end not an end in itself in that a researcher can use a “quasi-
statistical analysis style” (Miller & Crabtree, 1992, p. 18) to summarise data numerically as a 
starting point for the description and interpretation of the patterns in the content under analysis 
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(Frankael et al., 2015; Mayring, 2002; Sandelowski, 2000). A few other researchers also 
suggest that this kind of scoring which “quantifies qualitative data” is acceptable in QCA for 
the purpose of counting and visualisation (Strauss & Corbin, 1990; Patton, 2012). Table 4.3 
summarises the codes and scores assigned to VASI questionnaire item responses during the 
coding process. These scores created a means for the researcher to quantify the qualitative data 
given. 
Table 4.3: Codes and Scores assigned to VASI Items during the Coding Process 
Codes  No Response Naïve Mixed Informed 
Score allocated 0 1 2 3 
 
As indicated in Table 4.3, participants who provided no response for a VASI item scored a zero 
(0) for the said item, while those who provided a response which was not consistent with the 
NOSI aspect (naïve response) scored a one (1). Mixed responses, which were consistent with 
some, but not all, parts of the aspects of scientific inquiry, were allocated a score of two (2). 
The informed code was assigned a score of three (3) and referred to any response which were 
completely consistent and addressed all parts of the NOSI aspect. A snapshot of one learner’s 
scored responses to questionnaire questions 2, 3a and 3b is illustrated in in Figure 4.2. 
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Figure 4.2: A snapshot of raw data sample score allocation to the VASI questionnaire content. 
 
As seen from the snapshot in Figure 4.2, the learner’s response to question 2 was scored “3” 
for providing an informed understanding on the role a scientific question plays in driving 
scientific investigations. A typical mixed response as seen in question 3a earned the learners a 
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score of “2”. The learner also scored “1” for naïvely indicating that scientists will all arrive at 
the same conclusion if they are investigating the same scientific question following the 
different procedures, as indicated by the response provided for question 3b. 
4.4.1 Mean VASI scores for NOSI aspects 
After counting all codes the data was captured using SPSS and the first step of analysis began 
with computing the mean VASI questionnaire scores for each of the eight NOSI aspects. The 
results of this first part of the descriptive statistics is presented in Table 4.4 below. 
Table 4.4: Mean scores of eight NOSI aspects assessed in the VASI 
 
Table 4.4 shows the means and standard deviation of the learners’ VASI scores, with the mean 
scores for VASI items ranging from M=1.27, S.D =.47 for the aspect “multiple methods” to 
M= 2.11, S.D =.85 for the VASI item “Begin with a question”. With possible scores that could 
range from 0 (for “no response”) to 3 (for “informed responses”), these results of mean value 
calculations indicated that the least understood aspect about the NOSI for these group of 
learners was the aspect of “scientific investigations do not follow a specific set of steps known 
as the scientific method”. On the other hand, the most understood aspect was “scientific 
investigations should begin with a scientific question and not necessarily test a hypothesis”. 
4.4.2 Grade 12 learners’ understandings about scientific inquiry 
In this section the total percentage of learners’ naïve, mixed and informed understandings about 
each of the eight NOSI aspects are reported. These percentage counts provided a holistic picture 
of the participants’ VASI and the guiding criteria for selecting the participants for phase two 
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of the study based on the level of their understandings about the NOSI. Learners’ 
understandings about the NOSI as expressed in the VASI were scored and ordered from lowest 
to highest and a stratified sample (low, middle and high) was selected as participants for phase 
2. Table 4.5 shows percentages of learners’ cumulative understandings about all eight aspects 
of the NOSI being assessed in the study. 
Table 4.5: Grade 12 learners’ understandings about scientific inquiry 
 
Figure 4.3 also provides a bar chart for a visual representation of the figures captured in Table 
4.5. 
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Figure 4.3: Grade 12 learners’ understandings about core aspects of scientific inquiry. 
 
A detailed description and discussion of the results for each NOSI aspect represented on the 
chart in Figure 4.3 and Table 4.5 follows below. Learners’ understandings of the eight NOSI 
aspects as provided in the VASI questionnaire responses are presented and discussed. 
4.4.2.1 Scientific investigations all begin with a question and do not necessarily test a 
hypothesis 
The aspect “scientific investigations all begin with a question and do not necessarily test a 
hypothesis”, was assessed in question two (Q2) of the VASI questionnaire (See Appendix J). 
The item depicted two students who were asked if scientific investigations should begin with 
a question or not. One of the students said, “yes” and the other said “no”. The question required 
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that learners indicate whether or not they agreed with the student who said “yes” (scientific 
investigations should start with a scientific question) or the one who said “no” and then provide 
explanations for their choice. As shown in Table 4.5, 42.4% of the Grade 12 learners held 
informed understandings, 26.7% held mixed understandings while 31.1% of the learners held 
naïve understandings about this aspect of scientific inquiry. 
Discussion 
These findings reveal that the aspect “scientific investigations should begin with a question and 
not necessarily test a hypothesis” was one of the most understood aspects about the NOSI in 
this study when compared to six of the other seven aspects about the NOSI. The findings concur 
with findings from a South African pilot study which assessed Grade 11 learners’ knowledge 
and understandings about scientific inquiry (Gaigher et al., 2014), whereby the findings 
indicated that “the role of investigative questions was reasonably well understood” (Gaigher et 
al, 2014, p. 3141) by the participant Grade 11 learners. Similarly Leblebicioglu et al. (2017), 
in a study where activities in a science camp were used to develop students’ NOSI 
understandings in the United States, the aspect “investigations should begin with a question” 
was also well understood by the students post camp. Other recent studies which employed the 
VASI including Yang et al. (2017) and Antink-Meyer et al. (2016), also found that at least this 
aspect of inquiry was relatively better understood than others by learners. 
4.4.2.2 There is no single set or sequence of steps followed in all scientific investigations 
This aspect was investigated in question one of the VASI, whereby the three-sectioned item 
collectively assessed and elicited learners’ understandings of what a scientific investigation 
was, and the different methods through which scientific investigations could be conducted. As 
seen on Table 4.5 above this aspect was the least understood aspect about the NOSI compared 
to the other aspects. 74.4% of the participant learners held naïve views, 24.5% held mixed 
views and only 1.1% held informed views, for the aspect. 
Discussion 
For this particular aspect of the NOSI, findings from other international studies largely concur 
with the findings of this study, indicating that the aspect of “multiple methods” presents as the 
least understood aspect of the NOSI (Antink-Meyer, et al., 2016; Gaigher, et al., 2014; Yang 
et al., 2017). Contrary to these findings, in a related study by Senler (2015) where she compares 
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Turkish and American students VOSI, using the views of scientific inquiry –elementary 
(VOSI-E) questionnaire instead, Turkish students who participated in the study held more 
informed understandings about this aspect than their American counterparts (Senler, 2015, 
p. 173). The authors of the VASI, Lederman et al. (2014) argue that the idea that only one 
scientific method exists is due to classical experimental designs, which are propagated in 
school science and within science classrooms. 
4.4.2.3 Inquiry procedures are guided by the question asked. 
This aspect of scientific inquiry was covered in question five of the VASI and assessed the 
ability of Grade 12 Physical and Life Sciences learners to identify the role of an investigative 
questions in developing inquiry procedures followed during scientific investigations. For this 
aspect 51.1% of the learners displayed naïve understandings while 35.6% showed informed 
understandings. Only 8.9% of the learners showed mixed understandings about this aspect with 
4.4% of the learners failing to provide a response. 
Discussion 
The findings for this aspect are similar to findings from a Korean middle school study in which 
“32.6% of the students’ responses were classified as informed because they were able to verify 
the exploratory question and choose the appropriate experimental design” (Yang et al., 2017, 
p. 3946). The findings, however, differ from the findings of the South African Grade 11 study, 
“with many learners (59.1%) demonstrating informed views” (Gaigher et al., 2014, p. 13). In 
this study, it was observed that 51.1% of the learners held naïve understandings about the 
aspect, an indication that learners did not quite understand the relationship between procedure 
and the investigative question. One of the main reasons for this naïve understanding could be 
the way inquiry is enacted in the schools, where learners are accustomed to following ready-
made procedures from the textbook. In the South African context specifically, some studies 
have shown that the pedagogical orientations of science teachers are more inclined to direct 
didactics than more learner-centred inquiry approaches (Ramnarain & Schuster, 2014; 
Ramnarain & Hobden, 2015). As such, learners tend to have little or no autonomy (Ramnarain 
& Hobden, 2015) in the choosing inquiry procedures as guided by a scientific question which 
they may wish to investigate. 
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4.4.2.4 All scientists performing the same procedures may not get the same results 
This aspect of scientific inquiry emphasised the role of human imagination and creativity in 
the generation of conclusions after conducting scientific investigations and was assessed in 
question 3a of the VASI. This aspect highlighted that scientists do not necessarily make the 
same conclusions even when procedures followed are the same. The majority of the participant 
Grade 12 learners showed naïve or mixed understandings about this aspect with 38.9% and 
37.8% naïve, and mixed understandings respectively. Only 23.3 % of the participant learners 
showed informed understandings about the aspect. 
Discussion 
This aspect examined the role of human creativity and imagination in interpreting findings and 
making conclusions. Most learners held mixed or naïve views for this aspect, a clear indication 
that not much is understood on the human elements which affect the way conclusions are made 
from findings. These findings are consistent with the findings from the other related studies 
(Antink-Meyer et al., 2016; Gaigher et al., 2014). The naïve respondents typically indicated in 
their responses that similar procedures would always lead to the same results. 
4.4.2.5 Inquiry procedures can influence the results 
In question 3b of the VASI, learners’ understandings of the way different procedures could 
affect results and conclusions from an investigation was assessed. As seen in Table 4.5, 41.1% 
of the learners showed informed understandings about this aspect, indicating that different 
procedures will lead to the collection of different data sets, and subsequently different results. 
36.7% and 20% of the participant learners showed naïve and mixed understandings 
respectively. The findings for this aspect are rather different from findings of studies like Yang 
et al. (2017) and Gaigher et al. (2014), where learners (63.5% and 43.8% respectively) showed 
mixed understandings of the aspect. 
Discussion 
The findings reveal that less than 50% of the participant learners had informed understandings 
about this aspect of inquiry. The aspect was covered in question 3b of the VASI instrument, 
and targeted learners’ understandings of the influence of procedure followed on the results 
obtained, even when the same investigative question is asked. The naïve counts for the aspect 
87 
were quite high, in contrast to findings from other studies (Gaigher et al., 2014; Yang et al., 
2017) and indicated that the learners found multiple answers to a scientific question quite 
strange. Some of the mixed responses were also registered due to learners not understanding 
the influence of procedure on the data set collected to arrive at results. Rather, they responded 
that the results will be different based on acceptable degrees of human error. 
4.4.2.6 Research conclusions must be consistent with the data collected 
This aspect of the NOSI indicates that conclusions made from a scientific investigation should 
be consistent with the data collected during the inquiry. In VASI question 6, learners were 
asked to examine a data table which showed the relationship between plant growth in a week, 
and the number of minutes of light received each day (See Appendix f). Findings from this 
phase reveal that the aspect was the most understood NOSI aspect relative to the other seven 
aspects. Of the participant Grade 12 learners 44.4% provided informed responses, indicating 
that based on the provided data table, plants will grow less with increased sunlight. However, 
the number of naïve responses were as high the number of informed responses, whereby 44.4% 
of the participants held naïve understandings about the aspect. Only 10.1 % of the learners 
expressed mixed views about this aspect. 
Discussion 
The findings revealed a split between two ends of the spectrum where the number of learners 
who expressed naïve understandings matched those who expressed informed understandings. 
As with the South African Grade 11 study by Gaigher et al. (2014), this aspect was the most 
understood aspect about the NOSI. The difference seen in this study is that up to 44.4% of 
naïve understandings were also recorded, unlike in the Grade 11 pilot study, where up to 60% 
of the participant Grade 11 learners expressed informed understandings about the aspect, and 
only 7.6% had naïve responses (Gaigher et al., 2014, p. 3140). The findings are, however, 
similar to the findings from other studies where learners provided as many informed responses 
as there were naïve responses for the aspect (Leblebicioglu et al., 2017; Senler, 2015; Yang et 
al., 2017). The possible reasons for the naïve responses could be that the particular question 
required a level of critical thinking since the learners expected that plants will naturally “grow 
taller with more sunlight” (Lederman et al., 2014, p. 78). Hence, they did not examine the 
provided data table objectively, but relied on what they learnt in class, in previous 
photosynthesis lessons. In addition, some mixed understandings were scored because the 
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learners selected the right multiple choice type answer, but provided the wrong explanation for 
their choices (Leblebicioglu et al., 2017). 
4.4.2.7 Scientific data are not the same as scientific evidence 
For this aspect learners were asked to explain if scientific data and evidence were the same or 
different from each other and to provide the reason for their answer. Of the learners 53.4% 
provided mixed responses for this aspect while 43.3% held naïve understandings. Only 1.1% 
of the learners held informed understandings on this aspect. 
As observed with the aspect of multiple methods for scientific investigations, this is one of the 
aspects in which the least informed understandings were recorded with only one learner 
explicitly stating the difference between scientific evidence and data. 
Discussion 
As seen in Table 4.5, learners had trouble distinguishing between data and evidence. Most of 
them could define data, but found it rather difficult to define evidence and indicate how it 
differed from data. This means that learners did not understand how inferences are derived 
from results through the analysis and interpretation of data (Han, Choi, & Noh, 2012). 
Typically in South African classrooms, the tendency is for learners to ensure that the 
conclusions they provide after an investigative task coincide with what is expected in the 
textbook or by the teacher (Dudu & Vhurumuku, 2011). The presentation of new evidence to 
a finding is rarely encouraged. This implies that a learner who may present a result not in 
keeping with what is reflected in the textbook, is considered to have done something wrong. 
This tendency can prevent learners from fully understanding their role as young scientists, in 
the interpretation of data to generate evidence and make informed conclusions based on the 
evidence obtained. 
4.4.2.8 Explanations are developed from a combination of collected data and prior 
knowledge 
This aspect assessed learners’ understandings of how scientists provided the explanations for 
natural phenomena. As per the results on Table 4.5, 32.3% of the learners held informed 
understandings, while 43.3% and 24.4% held mixed and naïve understandings respectively. 
Discussion 
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This aspect was covered in parts of question seven of the VASI, and it required learners to 
suggest the ways in which scientists devised explanations. For the aspect, many of the 
participant learners held mixed understandings of the aspect. These findings were not 
consistent with findings from similar studies whereby learners held more informed 
understandings about this NOSI aspect (Antink-Meyer et al., 2016; Gaigher et al., 2014). 
The section below reports the findings from semi-structured interviews, which were aimed at 
elaborating on learners’ VASI questionnaire responses and providing new insights on learners’ 
views about the NOSI. 
4.5 FINDINGS AND DISCUSSIONS FROM SEMI-STRUCTURED INTERVIEWS 
The follow-up phase of the study involved the use of semi-structured interviews with 20% (18) 
of the participants. The main aim of the follow-up phase was to validate the responses provided 
in the open-ended VASI questionnaires during phase one of data collection, elicit new 
information relevant for supporting the findings from phase one and seek insights into some of 
the possible misconceptions which learners held about the NOSI. This phase also provided a 
means for the researcher to triangulate the data. The interview protocol (see Appendix G), 
included six main items requiring learners to summarise their responses to the questionnaire 
items, stating if any of their prior views had changed and why. Learners were asked to elaborate 
on the sources of their views and understandings about the NOSI. Particular attention was given 
to the aspect, which solicited the learners’ understandings of the difference between “data and 
evidence”, because the data from phase 1 indicated this aspect as the one in which learners 
showed the most mixed understandings. The audio recordings from the interviews were 
transcribed and coded using a combination of open codes which emerged in the iterative 
process of data analysis and “a priori codes” from phase one, other literature and the conceptual 
framework (Elo et al., 2014). Atlas.ti v8, was used to facilitate this stage of the content analysis. 
After coding through all the textual data from 18 transcripts, codes were revised and combined 
to form the sub-categories and categories from which themes were generated to provide the 
elements of the description of the content, as proposed by the steps in Saldaña’s (2016) model 
for coding qualitative data. The transcribed texts from the semi-structured interviews, were first 
read through and codes were assigned. Thereafter, the researcher combined the codes to form 
the categories and subsequently themes. The tables below show samples of learners’ transcripts 
and how codes were assigned to transcribe text within Atlas.ti software. A colour scheme was 
used to differentiate assigned codes whereby naïve, mixed, informed, new insights and the 
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sources of learners’ understandings about inquiry were differentiated with the highlighted 
colours. The group of tables below show how some of the learner transcripts were coded.  
 
Table 4.6: Transcript for Learner 1 (L 1) 
Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Code assigned 
R Q1. A person interested in birds looked at hundreds of 
different types of birds who eat different types of food. 
He noticed that birds who eat similar types of food, 
tended to have similar shaped beaks. For example, birds 
that eat hard-shelled nuts have short, strong beaks, and 
birds that eat insects have long, slim beaks. He wondered 
if the shape of a bird’s beak was related to the type of 
food the bird eats and he began to collect data to answer 
that question. He concluded that there is a relationship 
between beak shape and the type of food birds eat. 
 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
 
 
L I believe that these variations in the birds are due to 
natural selection. Hence, the investigation is scientific. 
Science as the study of 
nature 
R What do you consider to a scientific investigation?  
L Experiments in the form of practical. Example can be 
practical in electricity to see the current flowing. 
Mixed view: the 
scientific is 
experimental 
R b. Do you consider this person's investigation to be an 
experiment? Please explain why or why not. 
 
 
L Yes it is an experiment because of the relationship 
between birds’ beaks and the kind of food they eat. 
Naïve  
R What is the difference between an experiment and any 
other scientific investigation? 
 
L For an experiment you have to do it practically using your 
hands. Investigation is just looking at things.  
Naïve 
R c. Do you think that scientific investigations can follow 
more than one method? 
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Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Code assigned 
L Yes it can follow more than one method. I have changed 
my view. 
Mixed view as learner 
could not really 
provide valid 
examples 
R  Can you please describe two scientific investigations that 
will follow different methods, to explain this further? 
 
L For the plant investigation to check whether a plant can 
grow towards light, but I can’t really think of an 
investigation right now. 
 
R 2. Two students are asked if scientific investigations must 
always begin with a scientific question. One of the 
students says “yes” while the other says “no”. Whom do 
you agree with and why? 
 
L I agree with the student who says yes, I think the 
investigation should start with a question that describes 
what you are looking for. 
Question Starts 
inquiry 
R 3. (a) If several scientists ask the same question and 
follow the same procedures to collect data, will they 
necessarily come to the same conclusions? Explain why 
or why not.  
 
L They won’t necessarily come to the same conclusion 
especially if we are doing the experiment separately. You 
will see things your own way and I will see it my own 
way. 
Human views are 
different hence 
different results. 
R Generally do you think human imagination and creativity 
play a part in the conclusions that scientists make? 
 
L Yes because most of the things that we see here are 
discovered by scientists. 
Human creativity is an 
element. 
R (b) If several scientists ask the same question and follow 
different procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not. 
 
 
L No they will not come to the same conclusion because the 
data that they collect won’t be the same. And the 
procedures are not also the same, so they will not 
conclude the same. 
Data collection will be 
different hence 
different results 
 
R 4. Please explain if “data” and “evidence” are different 
from one another 
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Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Code assigned 
L Data is what you collect and if you collect it you have to 
analyse it to get evidence. So I believe that the two are 
different because if you do not analyse data, it is useless. 
Data and evidence are 
different 
R  5. Two teams of scientists were walking to their lab one 
day and they saw a car pulled over with a flat tire. They 
all wondered, “Are certain brands of tires more likely to 
get a flat?” 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
 
Team B went back to the lab and tested one tire brand on 
three types of road surfaces. 
 
Explain why one team’s procedure is better than the other 
one. 
 
L Team A is better because they used different types of 
tyres and not different kinds of roads as they were meant 
to checkout tyre brands. 
Inquiry procedures are 
guided by the question 
asked. 
R 6. The data table on question six of the VASI shows the 
relationship between plant growth in a week and the 
number of minutes of light received each day. Given the 
said data, explain which one of the following conclusions 
you agree with and why. 
Please circle one: 
 
a) Plants grow taller with more sunlight. 
 
b) Plants grow taller with less sunlight. 
 
c) The growth of plants is unrelated to sunlight. 
Please explain your choice of a, b, or c below: 
 
L I agree with A, because plants need more sunlight to 
grow. But now for the given data I feel the growth of 
plants is unrelated to sunlight. So C. 
What we already know 
informs scientific 
conclusions 
R 7. The fossilized bones of a dinosaur have been found by 
a group of scientists. Two different arrangements for the 
skeleton are developed as question seven of the VASI. 
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Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Code assigned 
  a. Describe at least two reasons why you think most of 
the scientists agree that the animal in Figure 1 had the 
best sorting and positioning of the bones? 
 
L Figure 1 has legs which are on the upright posture. Naïve and inexplicit 
R b. Thinking about your answer to the question above, 
what types of information do scientists use to explain 
their conclusions?  
 
L I really don’t have any idea.  naïve 
R What other types of information do scientist use to 
explain their conclusions in general? 
 
L  I think collected data and experiments can help.  Mixed: the role of data 
alone in providing 
explanations 
R Has any of your views changed from the time you did the 
questionnaire and now? 
 
L Yes, I didn’t understand some questions like question one 
and six, while I was doing the questionnaire as compared 
to now that you read it out to me. 
Changed view due to 
lack of understanding 
R What informs your views about scientific inquiry?  
L From most of the practical task that we do here at school. 
I also do think that the tasks are enough to inform us 
about scientific inquiry. I do also watch some science 
programs on TV too. 
Source of 
understandings, is 
practical school work 
and TV. 
 
Table 4.7: Transcript for Learner 3 (L3) 
Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Codes assigned 
R Q1. A person interested in birds looked at hundreds of 
different types of birds who eat different types of food. He 
noticed that birds who eat similar types of food, tended to 
have similar shaped beaks. For example, birds that eat hard-
shelled nuts have short, strong beaks, and birds that eat 
insects have long, slim beaks. He wondered if the shape of a 
bird’s beak was related to the type of food the bird eats and 
he began to collect data to answer that question. He 
concluded that there is a relationship between beak shape and 
the type of food birds eat. 
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Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Codes assigned 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
 
L I think I should have said no, because this investigation was 
just something that was done through observation, it was not 
done in the laboratory where they actually studied the 
characteristics of the basic beaks at one time and they did not 
actually find out more. 
Science is 
Laboratory based 
not mere 
observations 
 
R What do you consider to be a scientific investigation?  
L I feel that everything that is science should be done in a lab. Laboratory based 
R b. Do you consider this person's investigation to be an 
experiment? Please explain why or why not. 
 
 
L No this is not an experiment, as it wasn’t actually proven 
scientifically. It was just based on an observation and 
assumption. 
Observations are 
not scientific 
R c. Do you think that scientific investigations can follow more 
than one method? 
 
 
L I said yes because I think you can use two different methods, 
which can still bring you to the same conclusion. 
Informed with no 
concrete 
explanation 
R  Can you please describe two scientific investigations that 
will follow different methods, to explain this further? 
 
L In electricity we use several methods to check for the 
electromagnetic field and charges. Either a comb, ruler or a 
balloon. 
Mixed 
R 2. Two students are asked if scientific investigations must 
always begin with a scientific question. One of the students 
says “yes” while the other says “no”. Whom do you agree 
with and why? 
 
L I agree with the student who says yes. I believe that there 
should be a question before everything when doing a 
scientific investigation to guide what you are investigating. 
Question starts 
inquiry 
R 3. (a) If several scientists ask the same question and follow 
the same procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not.  
 
95 
Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Codes assigned 
L When you use the same procedure to collect data, it is 
actually a way of making the experiment very reliable. So 
yes, the conclusions will be the same. 
Same procedure 
same results more 
reliability 
R (b) If several scientists ask the same question and follow 
different procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not. 
 
 
L No, they will not come to the same conclusion because the 
procedure is different, we will collect different data and the 
conclusions will be different. 
Data collection 
will be different 
hence different 
results 
R 4. Please explain if “data” and “evidence” are different from 
one another 
 
L Data is collected information about something while 
evidence is the prove that data exist. I mean you cannot say 
that you have evidence when you don’t have data. Data and 
evidence are not really the same because I feel that evidence 
is resourceful while data on its own cannot be of any help.  
Mixed and not 
quite explicit 
R  5. Two teams of scientists were walking to their lab one day 
and they saw a car pulled over with a flat tire. They all 
wondered, “Are certain brands of tires more likely to get a 
flat?” 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
 
Team B went back to the lab and tested one tire brand on 
three types of road surfaces. 
 
Explain why one team’s procedure is better than the other 
one. 
 
L Team A is better because they used different types of tyres on 
one road surface and could therefore see which one is better 
in terms of quality. Using different kinds of roads is not 
reliable. 
Inquiry procedures 
are selected based 
on what you what 
to investigate 
R 6. The data table on question six of the VASI shows the 
relationship between plant growth in a week and the number 
of minutes of light received each day. Given the said data, 
explain which one of the following conclusions you agree 
with and why. 
Please circle one: 
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Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Codes assigned 
a) Plants grow taller with more sunlight. 
b) Plants grow taller with less sunlight. 
c) The growth of plants is unrelated to sunlight. 
Please explain your choice of a, b, or c below: 
L I agree with B, because as shown on the table the less 
minutes the plant has under sunlight the taller and bigger it 
grows as shown on the data table. 
Data is the source 
of conclusions 
R 7. The fossilized bones of a dinosaur have been found 
by a group of scientists. Two different arrangements for the 
skeleton are developed as question seven of the VASI. 
  a. Describe at least two reasons why you think most of the 
scientists agree that the animal in Figure 1 had the best 
sorting and positioning of the bones? 
 
 
L Looking at both Figure 1 and 2, the legs are better positioned 
in figure 1. They are realistically positioned. They are bigger 
and can carry the weight of the entire body. 
Data is the source 
of conclusions 
R b. Thinking about your answer to the question above, what 
types of information do scientists use to explain their 
conclusions?  
 
L They collect data, fossils and research and observation and 
some cultural evidence. 
Data through 
observation 
Data and fossil 
evidence 
 
R Has any of your views changed from the time you did the 
questionnaire and now? 
 
L Yes, I misinterpreted some questions like question four, 
where you asked about the difference between data and 
evidence, while I was doing the questionnaire as compared to 
now that I have reflected some more on the question. 
Misinterpretation 
of question four. 
R What informs your views about scientific inquiry?  
L From most of the practical activities that we do here at 
school. I also read books at libraries and interview people and 
also on media. 
School practical 
tasks and media 
R How many practical tasks have you done since beginning of 
the year? 
 
L Just a few as resources are limited.  
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Table 4.8: Transcript for Learner 6 (L6) 
Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Codes assigned 
R Q1. A person interested in birds looked at hundreds of 
different types of birds who eat different types of 
food. He noticed that birds who eat similar types of 
food, tended to have similar shaped beaks. For 
example, birds that eat hard-shelled nuts have short, 
strong beaks, and birds that eat insects have long, slim 
beaks. He wondered if the shape of a bird’s beak was 
related to the type of food the bird eats and he began 
to collect data to answer that question. He concluded 
that there is a relationship between beak shape and the 
type of food birds eat. 
 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
 
L Yes, the question requires a person to research deeper 
in order to find real facts plus it is related to biology 
of living organisms, and biology is science so the 
question can be considered scientific. 
Science as the study of 
nature 
R When you said the person was looking for “real fact”, 
what did you imply? 
 
L I mean he was looking for visual clues, things that you 
can actually show people to see what you are talking 
about, so that they don’t have any doubts. 
Observations are 
important in 
investigations 
R (b). Do you consider the person’s investigation to be 
an experiment, explain why or why not? 
 
L Yes, to find out about an answer does not require an 
aim, method or a hypothesis. 
Naïve; learner cannot 
define experimentation  
R Do you think there is a difference between an 
experiment and any other scientific investigation? 
 
L No, I don’t think there is much difference. There’s 
some concepts that differs with them but it does not 
make them completely different 
 
R Do you think scientific investigation can follow more 
than one method? If No please explain why and if yes, 
please mention the two investigations that follow 
different methods and how those methods differ. 
 
98 
Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Codes assigned 
L Yes, I think experiments are all about finding proof to 
be able to explain what you are talking about. Hence 
you can have many different ways of performing the 
experiment and at the end come to the same 
conclusion. 
Naïve: Ways are 
represented as 
methods 
R 2. Two students are asked if scientific investigations 
must always begin with a scientific question. One of 
the students says “yes” while the other says “no”. 
Whom do you agree with and why? 
 
L I think I will change my answer on this question. I 
think a question is a starting point where you can start 
looking for your fact and how you can answer your 
question. So I agree with the student that said Yes. 
Question starts inquiry 
R So what has changed your view?  
L Firstly, I did not interpret the question properly and 
then during term two we engaged in more complex 
practical tasks, so I came to understand more about 
how these things work. 
Gained more 
understandings due to 
exposure to more 
complex tasks  
R 3a) If several scientists asked the same questions and 
follow the same procedures to collect data will they 
necessarily come to the same conclusion? Explain 
why or why not. 
 
L I think this will vary a lot because there will always be 
that one person who will not come to the same 
conclusion. For example if it is an experiment that 
requires measurements or things like that, some 
person can end up with different amounts, which is 
out of the acceptable range and would completely 
change the conclusion. The experiments will consist 
of procedural mistakes. 
Procedural errors 
account for differences 
R What if they do not make any mistakes with the 
procedure? 
 
L Then I don’t think there would be any problem. They 
will end up with the same conclusion. 
 
R (3b) If several scientists ask the same question and 
follow different procedures to collect data, will they 
necessarily come to the same conclusions? Explain 
why or why not. 
 
L They could, because they are answering the same 
question and probably aiming for the right answer to 
the question.  
Different procedure 
might still lead to 
same conclusion. 
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Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Codes assigned 
R Do you think human factors come into play when 
generating scientific knowledge? 
 
L I think No because men already found science and it 
is just evolving to become the big thing it is now. 
Science is not a human 
endeavour 
R Please explain if “data” and “evidence” are different 
from one another. 
 
 
L No, because they both are information to conclude a 
certain topic. Data is collecting information from e.g. 
Surveys that can help you come to a conclusion, and 
evidence is finding the proof. It could be on a death 
body, … 
Data and evidence are 
the same. 
R 5. Two teams of scientists were walking to their lab 
one day and they saw a car pulled over with a flat tire. 
They all wondered, “Are certain brands of tires more 
likely to get a flat?” 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
Team B went back to the lab and tested one tire brand 
on three types of road surfaces. 
Explain why one team’s procedure is better than the 
other one. 
 
 
L Team A, because they tested different types of tyres 
on one road surface. 
Inquiry procedures are 
selected based on what 
you what to investigate 
R  Given the data table on question six of the VASI, 
explain which one of the following conclusions you 
agree with and why.  
Please circle one: 
a) Plants grow taller with more sunlight. 
b) Plants grow taller with less sunlight. 
c) The growth of plants is unrelated to sunlight. 
Please explain your choice of a, b, or c below: 
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Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
Codes assigned 
L I chose a) because plants grow more with sunlight 
because of photosynthesis, which can boost the 
growth of the plants. And some plants only grow with 
the help of the sunlight.  
What we already know 
informs our 
conclusions 
R 7. The fossilized bones of a dinosaur have been found 
by a group of scientists. Two different arrangements 
for the skeleton are developed as shown below. 
 a. Describe at least two reasons why you think most 
of the scientists agree that the animal in figure 1 had 
the best sorting and positioning of the bones?  
 
L Figure 1 looks more proportionate, bones are greatly 
structured. Figure 2, the bones are not structured 
properly and the animals does not have a greater 
chance to survive because the legs will not be able to 
support the whole body. 
Mixed response as the 
question if not focused 
on question 2, but on 
question 1 
R b. Thinking about your answer to the question above, 
what types of information do scientists use to explain 
their conclusions?  
 
L Scientists would usually use fossils from the animals 
and would usually look for evidence from the 
environment where the animals lived in. 
Data, through 
observation 
Data and fossil 
evidence 
 
R Have any of your views changed from the time you 
did the questionnaire and now? 
 
L Yes, because before the interview I did not have 
knowledge of the topic and questions. But now I was 
able to think further and look at more possibilities 
than that one answer. 
Now I was able to 
think further 
R How do you get your information about scientific 
enquiry? Do you learn it through the content at 
school? 
 
L It is through the curriculum from school. I also have 
my own knowledge since science is interesting to me. 
I am interested in forensics so I usually watch some 
documentaries. 
School work and 
media 
R How does the practical work you do in school inform 
your understandings about scientific inquiry? 
 
L I think the syllables we use are really detail and allow 
us to go through each topic with care. 
From school work 
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After the coding process was completed, generated codes were then combined to form sub-
categories and categories, which culminated in the generation of themes as seen in Table 4.9 
below. The rest of the analytic process depended on the researcher’s provision of a rich and 
thick description of these themes in supporting the learner findings from phase 1. 
 
 
 
Table 4.9: Themes generated from the content analysis of interview transcripts 
Questions Summary of codes 
assigned 
Summary of 
sub/categories 
generated 
Emerging themes  
Multiple methods Science should be done 
in a Lab. 
Science cannot be by 
mere observations. 
There is only one 
scientific method. 
Several methods can 
work for science. 
Investigating living 
things is part of science. 
Science is 
Laboratory based 
not mere 
observations 
 
Single scientific 
method 
 
Multiple methods 
 
Science as the 
study of nature 
Diverse understandings 
about the methods of 
scientific investigations 
2. Begin with a 
question 
Hypothesis should be 
stated first. 
Scientific question 
ensures finding answers. 
Scientific questions guide 
the inquirer and starts the 
inquiry. 
Hypothesis and questions 
work hand in hand. 
 
The scientific 
question and a 
hypothesis hand in 
hand 
 
Hypothesis starts 
all inquiry 
 
Question starts 
inquiry 
A scientific question is 
the starting point for a 
scientific investigations  
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Questions Summary of codes 
assigned 
Summary of 
sub/categories 
generated 
Emerging themes  
3a. All scientists 
performing the 
same procedure 
may not get the 
same results 
 
Same procedures equal 
same results. 
Human views are 
different hence different 
results. 
Some errors may lead to 
different results. 
Scientific 
conclusions should 
be the same 
Procedural errors 
account for the 
differences in 
scientific 
conclusions 
 
There should be no 
differences in the 
conclusions made by 
scientists’ Human 
creativity and making 
scientific conclusions 
3b. Inquiry 
procedures can 
influence results 
Data collection will be 
different hence different 
results 
Different procedure 
might still lead to same 
conclusion. 
The procedure 
affects scientific 
conclusions 
Procedural 
differences have no 
effects on scientific 
conclusion 
 
Different Procedures 
should produce 
different conclusions.  
4. Scientific data 
are not the same 
as evidence 
Data and evidence are 
same 
Data and evidence are 
different 
The difference between 
the 2 is not quite clear 
Data and evidence 
are the same. 
Data and evidence 
have a 
relationship.  
The relationship 
between data and 
evidence is not clear 
5. Inquiry 
procedures are 
guided by the 
question asked 
Inquiry procedures are 
already defined in the 
text books 
Inquiry procedures are 
selected based on what 
you what to investigate. 
The procedure is 
should be logical 
Procedure is 
prescribed 
Procedure should 
seek to answer 
investigative 
question 
 
A scientific question 
should guide the 
selection of inquiry 
procedures  
6. Research 
conclusions must 
be consistent with 
data collected 
What we already know 
informs our conclusions 
Data is the source of 
conclusions 
Only prior 
knowledge informs 
conclusions 
 
Data and prior 
knowledge are 
 Scientific data is 
necessary for making 
scientific conclusions. 
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Questions Summary of codes 
assigned 
Summary of 
sub/categories 
generated 
Emerging themes  
Scientific fact does not 
change so we conclude 
accordingly 
relevant in making 
scientific 
conclusions 
7. Explanations 
are developed 
from a 
combination of 
collected data and 
what is already 
known 
Data through observation 
Data and fossil evidence 
Theories of science 
Data 
evidence 
observations 
scientific theory 
Prior scientific 
knowledge, and data 
should be referred to in 
providing explanations  
 
As seen in Table 4.9, in analysing learners’ responses during the semi-structured interviews, 
eight broad themes were generated which provided deeper insights into learners’ 
understandings and VASI as observed in the VASI questionnaire phase of the study. The 
respondents provided responses that revealed some of the misconceptions that learners would 
typically hold about the NOSI. One of the prominent misconceptions was the notion that 
scientific investigations must be “laboratory based”. Furthermore, new insights were obtained 
as to the sources of learners’ understandings about the NOSI and changes in learners’ views 
for some of the aspects were captured, with the rationale for the changes noted as more time to 
reflect on the question. The section below provides a description and discussion of the of the 
eight themes generated post analysis of the transcribed data semi-structured interviews. 
4.5.1 Diverse understandings about the methods of scientific investigations 
The first section of the semi-structured interview protocol required that learners summarise 
their responses to the 7 VASI questionnaire questions. For question 1 of the VASI which 
investigated whether there was a series of steps known as the scientific method, Grade 12 
learners who participated in this phase expressed diverse understandings about the nature and 
methods of scientific investigations. For example, L3 When asked to summarise his/her 
response to question 1a, said: “I think I should have said no, because this investigation was 
just something that was done through observation, it was not done in the laboratory where they 
actually studied the characteristics.” L11 indicated that: “The investigation is not scientific 
since the person is stating the obvious, he has not gone to the lab to check anything out”. These 
responses and similar types constituted the responses of 13 out of the 18 interviewees’ 
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responses who held that for an investigation to be considered scientific, it had to be laboratory 
based. On the other hand, only three of the 18 learners provided some relatively informed 
understanding about the methods that could be used in scientific investigations. For instance, 
L6 said: “Yes, the question requires a person to research deeper in order to find real facts plus 
it is related to biology of living organisms, and biology is science so the question can be 
considered scientific.” Which portrayed an informed understanding of this aspect, but also the 
recognition that all scientific investigations should not be laboratory based. A diagram showing 
some of the quotations from learners’ transcripts is illustrated in Figure 4.4. 
 
Figure 4.4: Diagram showing learners’ responses on the methods of scientific investigations 
 
As seen from the figure above, a respondent like learner L4 indicated that the observations 
made by the bird scientist were not scientific because he or she did not go to the laboratory to 
“mix any chemicals”. The learners also found it rather difficult to state what an experiment was 
and how it differed from other scientific methods as prompted in question 1c. None of the 18 
learners could clearly use an example to illustrate that scientific investigations can follow more 
than one method. These findings clearly concur with and validate the results from the VASI 
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questionnaire phase where a majority (98%) of the learners held mixed and naïve 
understandings about the aspect of “multiple method” which are inherent to scientific 
investigations. 
 
Discussion 
In the review of findings from recent studies as is the case with this study, learners seem to 
hold the view that scientific investigations have a series of steps that must be followed for every 
inquiry. For example, findings from several studies (Lederman et al., 2014; Senler, 2015, Yang 
et al., 2017) all reveal that the idea of a set of steps known as the “scientific method or way” is 
a common misconception among learners and teachers. The “way of science” as expressed by 
the learners in this study is related to the emphasis that has been placed on the experimental 
method in several curriculum documents including the CAPS for both Physical and Life 
Sciences (Gaigher et al., 2014; Kapelari, 2015; Yang et al., 2017). In the study by Yang et al. 
(2017), the researchers indicated that Korean elementary school students often took part in 
“hands-on scientific activities” (Yang et al., 2017, p, 3952). These hands-on tasks did not 
involve controlling or testing any variables, but were often called experiments (McComas, 
1998; Yang et al., 2017). 
Concerning the aspect “there is no single sequence or steps known as the scientific method”, 
only two learners out of the 18 interviewees provided informed responses in this phase. One of 
them was the only learner who provided an informed response in phase 1 of the study and the 
other a learner who changed the response she provided on the VASI open-ended questionnaire. 
Her reason for changing this view was that she had reflected better on the question as it was 
read out to her by the researcher. 
4.5.2 A scientific question is the starting point of scientific investigations 
This theme described learners’ understandings of what should propel scientific investigations. 
When asked to summarise their response to question 2 of the VASI, which asked whether a 
scientific investigation should start with a question and why, 12 out of the 18 participant 
learners demonstrated informed understandings of the relevance of a scientific question in 
driving or starting any scientific investigation. For instance, when asked if scientific 
investigation should begin with a scientific question,  L1 responded: “I agree with the student 
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who says yes. I think the investigation should start with a question which describes what you 
are looking for”. While L17 supported by saying, “you have to start with a question and create 
questions to do your investigation”. This aspect was covered in question two of the VASI and 
is one of the aspects in which the learners provided the most informed VASI responses from 
the questionnaire and semi-structured phases of the study. Clearly the semi-structured 
interviews validated this learner’s understandings of this aspect of scientific inquiry. The 
remaining six respondents indicated that investigations needed not to start with scientific 
questions but rather with a hypothesis which could be tested. For instance, learner L15 
indicated that: “I agreed with the student that said no because every investigation should start 
with a hypothesis first and not a question.” L13 also indicated that: “For me the question 
should be the last thing you try to answer, observations are key in starting any investigations.” 
Even though more learners held more informed understandings about the role of scientific 
question in driving scientific inquiry, it was still clear that a few of the learners only relied on 
their understandings of hypothesis testing to provide the response to this aspect of inquiry. 
Discussion 
For this aspect, learners held more informed understandings about the role of questioning in 
starting and driving a scientific investigation. These findings are similar to findings of the South 
African pilot study (Gaigher et al., 2014), a Korean study (Yang et al., 2017) and a comparative 
study between Taiwanese and US students (Antink-Meyer et al., 2016), all of which saw 
learners expressing relatively more informed understandings about the role of scientific 
questions in beginning and driving scientific investigations. 
4.5.3 There should be no differences in the conclusions made by scientists 
This theme was generated to describe learners’ understandings of the role of human creativity 
and differences in the way scientific conclusions are made. When asked to summarise their 
responses for VASI question 3a, 14 of the 18 interviewees responded that all scientists 
following the same procedure to answer the same question, will arrive at the same conclusion. 
For instance L5 indicated that “when you use the same procedure to collect data, it is actually 
a way of making the experiment very reliable. So yes the conclusions will be the same.” L9 
responded that: “They could, because they are answering the same question and probably 
aiming for the right answer to the question.. L7 also indicated that: “Yes, you will get the same 
answer because science is straightforward.” All these naïve responses indicated that there is 
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no understanding of human differences and other social factors that are inherent in the creation 
of scientific knowledge.  
On the other hand, four of the 14 respondents indicated that the results may only vary if one of 
the scientists makes a procedural error. For instance L8 indicated that “when you do the same 
experiment you can be in a different environment so when you get results, they may be different 
due to temperatures and if you repeated the experiment, so your results wouldn’t be the same.” 
This counted as a mixed understanding of this NOSI aspect. The other four learners out of 18 
learners indicated that every human being views things differently; hence the scientists may 
not arrive at the same conclusions as indicated by  L10 who said: “No, scientific investigations 
and our analysis of results are objective. The way people interpret the results or see thing is 
different. Just like in evolution some scientists have interpreted the evolution of Lucy in one or 
the other way.” 
Discussion 
For this NOSI aspect, learners’ understandings are seen to be mixed as noted in the 
questionnaire phase. The responses provided reveal the rigidity that learners associate with 
science, as a body of predetermined facts. It was inherent from their responses that during 
classroom inquiry tasks, they are expected to follow steps from a textbook and end up with the 
same conclusions, as indicated by learners L5, L7 and L9. From the quotes by L9 and L7 the 
Grade 12 science learners reveal that there is a right answer at the end of an investigation which 
should be attained by everyone conducting the investigation. 
These learners’ responses, except for the four informed responses, mostly indicate that human 
endeavour, creativity and imagination are missing in science. In the first phase of the study, 
learners recorded a higher count of mixed than naïve and informed understandings where 
40.9% of the learners indicated that conclusions may be different due to possible procedural 
errors. Very few of the learners (22.7%) indicated that the conclusions will not be the same 
based on the differences of human interpretation of the findings, as was the case in this phase 
of data collection. This number of informed responses for this phase was also quite small 
relative to the 44.8% informed views recorded in Gaigher, et al (2014) and the 64.2% of 
informed view recorded in Yang et al (2017). There is therefore need for learners to understand 
the role of creativity and imagination in the conclusions arrived at by scientists. 
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4.5.4 Different procedures should produce different conclusions 
Learners were asked to summarise their understandings of the role that procedure followed in 
a scientific investigation when the same scientific question and different procedures are used. 
For this aspect 50% (nine) of the participants indicated that if scientists used different 
procedures to answer the same research questions, they will arrive at different conclusions due 
to the fact that they will collect different data. For example learner L1, responded that: “No 
they will not come to the same conclusion because the procedure is different, the will collect 
different data and the conclusions will also be different.” Other learners like L4 indicated that 
the scientists following different procedures may still come to the same conclusion, showing a 
mixed understanding of the role procedure plays in arriving at results. These findings indicate 
that learners interviewed in phase 2 showed more informed understandings of the fact that 
different procedure followed meant that the scientists will collect different data sets and hence 
arrive at different conclusions. 
 
4.5.5 The relationship between data and evidence is not clear 
The aspect assessing learners’ understandings of the difference between data and evidence was 
covered in question 4 of the VASI questionnaire where the learners were asked to explain if 
there was any difference between data and evidence. Analysis of the textual data obtained in 
this phase reveled that learners held mixed understandings about the actual difference between 
data and evidence. This aspect also recorded the most mixed responses during phase 1 of the 
study. The network in fig 4.5 below shows some of the most prominent quotations from the 
transcribed textual data for this aspect during the analysis of the semi-structured interviews. 
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Figure 4.5: Network of quotations: Data versus evidence 
 
The quotations in the network show that learners could not clearly differentiate data from 
evidence. The understanding of what evidence was, seemed to be more difficult than the 
understanding of what data was. For example, learner L6 indicated that “evidence should be 
something you can see”, while L2 indicated that “evidence involve[s] people going out to look 
for it”. Several responses in the category revealed most of the participant Grade 12 learners 
held mixed understandings about the difference between data and evidence as seen in all the 
quotations attached in Appendix K. For example, L3 responded that “Data is collected 
information about something while evidence is the prove that data exist. I mean you cannot say 
that you have evidence when you don’t have data. Data and evidence are not really the same 
because I feel that evidence is resourceful while data on its own cannot be of any help.” L6 
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provided a completely naïve and incoherent response about the aspect stating that: “No, 
because they both are information to conclude a certain topic. Data is collecting information 
from e.g. Surveys that can help you come to a conclusion, and evidence is finding the proof. It 
could be on a death body.” 
Discussion 
The implications of these responses are that learners’ interpretations of the word evidence were 
directly related to physical and tangible evidence or evidence as used in everyday language. It 
was easier for most of them to define data but not evidence, which saw a large majority of the 
learners providing mixed responses for the aspect. Two of the learners, however, provided 
some informed responses to the question. For instance, learner L4 indicated that “evidence is 
dependent on data” while L10 mentioned that “we extract evidence from data.” It is worth 
noting that L10 only provided this informed response during the interview phase, as a changed 
view born from critical reflection. 
Unlike the findings from the South African pilot study, by Gaigher et al. (2014), whereby more 
than 49.5% of the participant Grade 11 learners showed informed understandings on the same 
VASI question, the Grade 12 learners in this study did not record as many informed 
understandings in this category. The prominent understandings for the aspect were the mixed 
understandings as seen both in the semi-structured interviews and VASI response analysis. 
4.5.6 A scientific question should guide the selection of inquiry procedures 
When learners were asked to summarise their findings from question 5 of the VASI, which 
examined the role of a scientific question posed in selecting the procedure to follow in a 
scientific investigation, 17 out of the 18 learners indicated informed understandings of how 
elements of the research question influenced the procedure selected by the team of scientists. 
For instance L14 stated that: “Team A, because they are testing the various types of tyres 
therefore the conclusion can be more accurate and reliable unlike team B with only one type 
of tyres. I picked team A to be more accurate because they were using different types of tyres 
on the same road surface.” L7 stated that: “I think in science the important thing is to answer 
the scientific question. The question here was referring to brands of tyres. Hence team A 
followed the procedure that would be more helpful in answering the question.” These learners 
in their responses acknowledged that the question that was being investigated in the given 
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inquiry was related to the brands of tyres rather than the roads on which the tyres were used. 
L17 who did not provide any response to the question during the questionnaire phase of the 
study was the only learner who did not provide any view on this aspect. These findings were 
quite contrary to the provided responses from phase 1 whereby only 35.6 % of the learners 
showed informed understandings about this aspect. This difference was explained by some of 
the learners indicating that initially they were not able to reflect on the question during the 
questionnaire phase. 
4.5.7 Scientific data is necessary for making scientific conclusions 
Question 6 of the VASI captured the NOSI aspect, conclusions made by a scientist should be 
consistent with the data he or she collected during an investigation. For this aspect, 15 of the 
18 participants in the interview phase showed informed understandings about this aspect. These 
findings are not different from the findings in phase 1 of the study, where both naïve and 
informed responses were provided equally by 44.4% of the learners. The learners who 
participated in this phase just happened to have showed informed understandings for this 
particular NOSI aspect except for a changed view by L7 who indicated that the second 
opportunity to examine the table and reflect helped him to connect the relationship between the 
conclusion and the data captured on the table. L7, stated: “I looked at the data table given and 
I agree with B, which shows that plants grow less with more sunlight because as the minutes 
of lights increase each day, growth show a general decrease therefore plans grow taller with 
less sunlight.” However, some of the learners still held naïve understandings, as they did not 
even look at the data table that was provided for cross-examination. They derived their response 
based on the knowledge of photosynthesis, like L9 who indicated choosing “a) because plants 
grow more with sunlight because of photosynthesis, which can boost the growth of the plants. 
And some plants only grow with the help of the sunlight.” 
Discussion 
Though during the interview phase many of the learners reiterated that data was very important 
for making conclusions, the overall findings on the understandings on this aspect largely differ 
from findings of the Grade 11 study where the aspect recorded the most informed responses 
(60%) with only 7.6% of naïve responses recorded (Gaigher et al., 2014). Other studies 
(Leblebicioglu et al., 2017; Senler, 2015; Yang et al., 2017) reported that students understood 
this NOSI aspect fairly well, while others did not understand the aspect at all. 
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The possible reasons for the naïve responses could be that the particular question required a 
level of critical thinking in examining the data table provided. In the study of photosynthesis, 
learners expect that plants will naturally “grow taller with more sunlight” (Lederman et al., 
2014, p. 78). Based on what was already known, the learners did not examine the provided data 
table, but relied on what they learnt in class, in previous science lessons. 
4.5.8 Prior scientific knowledge and data should be referred to in providing 
explanations 
This aspect assessed learners’ understandings on how scientists provided the explanations for 
their findings from the combination of obtained data and existing scientific knowledge. For 
this aspect, learners were asked to summarise their responses on how scientists arrived at the 
conclusions they made with regard to the structure of the dinosaur that was provided in question 
6 of the VASI questionnaire (see Appendix F). Some of the following responses were provided 
by L10 and L13. L10 said: “Fossil evidence, the area in which they are found, comparison of 
types of animal structures to acknowledge the adaptation of the animal in the environment”, 
while L13 indicated that “they collect data, fossils through research and observation and some 
cultural evidence.” The data collected for all 18 learners indicates that they seemed to 
understand the role of evidence and data in making conclusions based on the aspect of evolution 
which they had learnt. However, the aspect recorded 10 out of 18 mixed understanding, seven 
informed understandings and only one naïve understanding. The reason for the several mixed 
understandings were related to the fact that learners could not explicitly articulate why 
scientists preferred the animal in figure 1 in part 1a of the question. 
Discussion 
The findings still reveal a lack of understanding compared to findings from other studies where 
learners showed more informed understandings about this aspect (Antink-Meyer et al., 2016; 
Gaigher et al., 2014). One possible reason provided by the learners for how they understood 
this aspect was that the kind of inquiry done at school level was mostly confirmatory inquiry, 
whereby all results and explanation had to be confirmatory of what the teacher had taught them 
in class. This indicated that the realities of cookbook recipe-type inquiry activities are still very 
prevalent in school science (Dudu, 2014b). 
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4.5.9 New insights 
4.5.9.1 Sources of learners’ understandings about scientific inquiry 
New insights were solicited by the researcher on the sources of learners’ understanding about 
scientific inquiry. The rationale for including this probe was so that suggestions could be made 
to address the sources of learners’ understandings about scientific inquiry. All 18 learners 
indicated school practical tasks and the curriculum as the primary source of the understandings 
they had about the NOSI while 14 of the learners also indicated that media, especially television 
and the internet, as an additional source for learning about the NOSI. For example, when asked 
by the researcher to provide the sources of their understandings about scientific inquiry, L6 
said: “It is through the curriculum from school. I also have my own knowledge since science 
is interesting to me. I am interested in forensics so I usually watch some documentaries.” L3 
stated: “From most of the practical activities that we do here at school. I also read books at 
libraries and interview people and also on media.” These responses revealed largely that the 
role of the science classroom, the nature and quality of the investigative tasks, are key 
components in constructing learners’ understandings about the NOSI. If insufficient and 
superficial investigative tasks are given at school level, learners will turn to hold many 
misconceptions, naïve and mixed views about the way in which scientific knowledge is 
generated. This is because in the context of these South African participants, the primary source 
of making any sense of scientific inquiry is within school science investigations. Several 
studies have proposed deliberate and purposeful incorporation of aspects of the NOSI in 
science instruction, in order to give learners the opportunity to gain informed understandings 
(Antink-Meyer et al., 2016; Yang et al., 2017). 
4.5.9.2 Changed views 
Learners were also asked if any of their views had changed for any of the eight aspects and if 
yes, to provide the possible reasons for the changes. It was noted that learners changed their 
views predominantly in two NOSI aspects whereby 10 out of 18 learners interviewed indicated 
view changes. These aspects included the aspect which required learners to summarise their 
understandings of the difference between scientific data and evidence, and the aspect which 
required learners to state whether scientific investigation could follow more than one method 
supported by the use of examples. For these aspects, learners now indicated that there is a 
difference between data and evidence though they could not explicitly define “scientific 
evidence”. For example L5 stated that: “I misinterpreted some questions like question four, 
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where you asked about the difference between data and evidence, while I was doing the 
questionnaire as compared to now that I have reflected some more on the question.” L6 
indicated that: “Yes, with regard to data and evidence. I think there is a difference.” When 
asked to state the difference, they could not accurately define evidence in all the cases, leaving 
the results from this phase more or less the same. 
For the aspect of multiple methods, the learners also changed their views to indicate that they 
believed that multiple methods could be used for scientific investigations, but again could not 
provide any logical examples of how multiple methods could be used in an investigation. For 
example L9 indicated that: “Firstly I did not interpret the question properly and then also 
during term two we engaged in more complex practical tasks, so I came to understand more 
about how these things work”. The change of views was mostly related to the fact that during 
the interview they were given the opportunity to critically reflect on the questions before 
providing a response and also due to some new practical tasks that had been done in school. 
However, views for the other six aspects about the NOSI were rarely changed. 
Discussion 
These new insights are critical in understanding how learners can best be taught in a way that 
will enhance their understandings about the eight core aspects of the NOSI. As indicated by 
the learners themselves, the engagement in practical tasks in a key factor in how their 
understandings are attained. Also, reflection on the processes of the investigations carried out 
is key to understanding these aspects that characterise the NOSI. 
4.6 CONCLUSIONS FROM FINDINGS FROM PHASE 1 AND 2 
The overall findings from phase 1 and 2 of this study indicate that Grade 12 Physical and Life 
Sciences learners predominantly hold naïve and mixed understandings about the eight aspects 
which describe the NOSI. Excerpts from phase 2 semi-structured interviews showed changes 
in learners’ understandings about aspects like the “data versus evidence”. It was also worth 
noting that all the learners who participated in phase 2 of the study, indicated classroom 
practical inquiry as one of the main sources of their inquiry experiences and understandings. 
These findings are similar to findings of other international studies in Turkey, Taiwan, Korea 
and the USA. (Antink-Meyer et al., 2016; Senler, 2015; Yang et al., 2017) and those of the 
South African pilot study for Grade 11 learners (Gaigher et al., 2014), in that learners 
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internationally have shown more mixed and naïve understandings about the NOSI until they 
have been explicitly and deliberately directed to reflect of the NOSI aspects. 
4.7 CHAPTER SUMMARY 
The aim of this chapter was to present and discuss the findings from the two phases of this 
study in an attempt to answer the first research question. The results of the inter-coder reliability 
were first presented followed by the findings and discussions from the analysis of the open-
ended VASI questionnaires. The last part of the chapter included the presentation of the results 
and discussion of semi-structured interviews. The conclusion from the findings and the chapter 
summary were also presented. 
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CHAPTER 5 - A COMPARATIVE ANALYSIS OF LEARNERS’ 
UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY IN DIFFERENT 
SCHOOL TYPES 
5.1 INTRODUCTION 
The main aim of this chapter is to present and discuss the findings of the comparative analysis 
of learners’ understandings about scientific inquiry in township, former Model C and 
independent schools. This comparison provides the answer to the second research question: 
How do learners’ understandings about scientific inquiry compare in township, former Model 
C and independent schools? 
The chapter covers a description of the differently resourced school types, results of the 
comparative analysis in the learners’ NOSI understandings across the three school types, 
followed by discussions on the findings. The results of chi-square tests of association used to 
investigate statistically significant differences in learners’ understandings of any of the eight 
aspects for the different schools is reported and discussed followed by conclusions and a 
summary of the chapter. 
5.2 A BRIEF DESCRIPTION OF THE SCHOOL CONTEXTS 
The sample considered for this study included 90 Grade 12 learners from six Johannesburg 
high schools. Two schools were purposefully selected from independent, former Model C and 
township schools. The township schools selected, which are located in previously 
disadvantaged black communities, were non-fee-paying schools, funded by the government. 
Most of the schools in this category were under-resourced (lacking a science laboratory, library 
and knowledgeable laboratory staff) in terms of science resources and teaching (Reddy et al., 
2016). On the other hand, the former Model C schools constituted former white only schools 
of the apartheid era. The schools in this category were adequately resourced, with laboratories, 
libraries and other facilities. The schools in this category were fee-paying schools and had 
extensive involvement of the parent body in running the school. The independent schools 
constituted mainly private schools of religious origin, with a spiritual foundation to 
complement their academic and physical accomplishments. As in other countries, these 
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independent schools had better facilities for science teaching, smaller classes and well-
qualified science teachers (Reddy et al., 2016). 
It is, therefore, important to describe the different school contexts, because one would expect 
that learners’ understandings about the NOSI will be more informed in schools which have 
more inquiry learning resources than in under-resourced schools where the said resources are 
not available. The sections below present a comparative analysis of learners’ understandings 
about all eight NOSI aspects in the differently resourced schools. 
5.3 COMPARING LEARNER UNDERSTANDINGS FOR DIFFERENT SCHOOL 
TYPES 
In comparing learners’ understandings for the differently resourced school types, data was 
captured in percentiles of learners’ responses (no response, naïve, mixed and informed 
understandings) per aspect, for all participants. The captured data was analysed primarily using 
descriptive statistics, followed by further secondary analysis using inferential statistics (chi-
square tests). The basic statistical analysis is acceptable for QCA for comparing groups (Leedy 
& Ormrod, 2014). 
5.4 DESCRIPTIVE STATISTICS 
The section provides the general description of how learners understood the eight NOSI aspects 
in the different school categories. 
5.4.1 Scientific investigations all begin with a question and do not necessarily test a 
hypothesis. 
The bar chart in Figure 5.1 shows the percentages of learners’ responses for the aspect 
“scientific investigations all begin with a question and do not necessarily test a hypothesis.” 
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Figure 5.1: Learners’ SI aspect understandings: Begin with a question 
 
As seen in Figure 5.1, learners in township schools recorded the most naïve understandings 
(47%), compared to learners at former model C (27%) and independent schools (20%). 
Participant learners from former Model C (50%) and independent schools (53%) recorded 
informed understandings than learners at township schools (23%). Mixed understandings were 
recorded in a range of 23%-30%, whereby 30%, 23% and 27% of mixed understandings were 
recorded for township, former Model C and independent schools respectively. 
5.4.2 There is no single set or sequence of steps followed in all investigations 
Figure 5.2 reveals the distribution of learners’ understandings about the different scientific 
methods used by scientists in investigating the natural world. 
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Figure 5.2: Learners’ SI aspect understandings: Multiple Methods 
 
Figure 5.2 shows Grade 12 science learners’ understandings about the different methods used 
in scientific investigations. A substantial number of learners at all school types showed a naïve 
understanding, with only one learner from a former Model C school recording an informed 
understanding. The majority of the participants recorded mixed understandings about this 
aspect of SI, with a count of 50 % each for both former Model C and independent school 
learners and 60% for learners from township schools. 
5.4.3 Inquiry procedures are guided by the question asked 
This aspect of scientific inquiry was covered in question 5 of the VASI and assessed Grade 12 
Physical and Life Sciences learners’ understandings about the role of investigative questions 
in developing the inquiry procedures to follow during scientific investigations. The chart in 
Figure 5.3 shows understandings for the aspect for the different schools. 
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Figure 5.3: Learners’ SI aspect understandings: Procedure guided by question asked. 
 
As illustrated in Figure 5.3 above 73% of township, 50% Former model C and 30% of 
independent schools Grade 12 science learners held naïve understandings about the role of an 
investigative question when choosing procedures to be followed in an inquiry. Learners from 
the independent schools (57%) provided the most informed responses for the aspect, while 
those from township schools held the most naïve understandings (73%) for the aspect. 
5.4.4 All scientists performing the same procedures may not get the same results 
This aspect of scientific inquiry emphasises the fact that scientists do not make the same 
conclusions even when the scientific question posed and the procedures followed are the same. 
Figure 5.4 shows science learners’ understandings about this aspect. 
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Figure 5.4: Learners’ understandings: Same procedures do not necessarily have same results. 
 
The chart in Figure 5.4 summarises learners’ understandings of this aspect for the different 
school types. Township school learners recorded the least naïve understandings (20%) and the 
most informed understandings at 30% for this aspect. Similar to the aspect about multiple 
methods, this aspect stood out as one of the least understood NOSI aspects in all the school 
types. Learners attending former model C schools recorded 50%, 23% and 27% for naïve, 
mixed and informed categories respectively while those at independent schools recorded 47%, 
40% and 13% naïve, mixed and informed understandings about the above NOSI aspect. 
5.4.5 Inquiry procedures can influence the results 
This NOSI aspect reiterates that different procedures will always lead to the collection of 
different data sets; hence, the ultimate result of a scientific investigation will be influenced by 
the procedure followed. The chart in Figure 5.5 summarises learners’ understandings about this 
aspect. 
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Figure 5.5: Learners’ SI aspect understandings: Procedure can influence results. 
 
47% of learners attending former Model C schools, held the most informed understandings 
about the aspect while learners from township schools (43%) held the most naïve 
understandings. Forty-four percent of learners from independent schools and 34% of learners 
from township schools registered informed understandings about this aspect of SI with an 
equivalent 20% mixed understandings across all the different school types. 
5.4.6 Research conclusions must be consistent with the data collected 
Conclusions made from scientific investigations should be consistent with the data collected 
during the inquiry is an important aspect of the NOSI and Figure 5.6 illustrates learners’ 
understandings about this aspect for the three school types. 
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Figure 5.6: Learners’ understandings: Conclusions consistent with data 
 
Learners from independent schools (60%) showed the most informed understandings about this 
aspect while those from former Model C schools (53%) held the most naïve understandings 
about the aspect. 
5.4.7 Scientific data are not the same as scientific evidence 
In this NOSI aspects the learners were asked to explain if scientific data are the same or 
different from each other. A summary of their understandings is represented in Figure 5.7. 
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Figure 5.7: Learners’ understandings: Data versus Evidence 
 
As observed with the aspect of multiple methods for scientific investigations, this is one of the 
aspects in which the least informed understandings were recorded with only one learner (3%) 
in the former Model C groups obtaining and informed score for the aspect. Majority of the 
learners, 60%, 50% and 50% of the learners from township, former Model C and independent 
schools respectively held mixed understandings for this aspect. On the other hand, 37%, 47% 
and 47% of the learners at township, former Model C and independent schools respectively, 
held naïve understandings about the differences between scientific data and evidence. 
5.4.8 Explanations are developed from a combination of collected data and what is 
already known 
This NOSI aspect assessed learners’ understandings on how scientists provided the 
explanations for their findings when they conduct scientific investigations. Figure 5.8 
summarises a description of learners’ understandings about the way explanations are derived. 
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Figure 5.8: Learners’ SI aspect understandings: Explanation from data and prior knowledge 
 
Figure 5.8 represents learners’ understandings for the NOSI aspect as described. For this aspect 
learners from former Model C schools (37%) held the most informed understandings, followed 
by those from independent schools (32%), while learners from township schools held the most 
mixed and naïve understandings, both at 47%. 
5.5 INFERENTIAL STATISTICS ON LEARNERS’ UNDERSTANDINGS AT 
DIFFERENT SCHOOLS 
This section provides the summary of findings which investigated the extent of to which the 
observed differences in learners’ understandings are significant. Using SPSS 25, chi-square 
tests of association were carried for the entire sample to establish if there were any significant 
differences in learners’ understandings of the NOSI aspects for the different school types. As 
confirmed by qualitative researchers in some content analysis studies like this one, “appropriate 
statistical analyses are performed on the frequencies or percentages obtained to determine 
whether significant differences exist relevant to the research question” (Leedy & Ormrod, 
2014, p. 151). Therefore, despite the observed variability in learners’ understandings for the 
different aspects captured above, a chi-square test was still needed to establish if the observed 
differences are significant or not. Count values of learners’ understandings obtained for each 
of the NOSI aspects were compared for the three school types to establish any associations 
between learners’ understandings of the SI aspect and the types of the schools that learners 
attended using chi-square test. Chi-square statistics is a non-parametric test used in analysing 
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associations between categorical variables (Agresti, 2013; Fields. 2009; Pallant, 2010); hence 
it was the only suitable test for this comparative analysis. 
Findings from the chi-square test reveal that learners’ understandings of seven out of the eight 
aspects about scientific inquiry are very similar and have no significant differences across the 
different school types. The tables in Appendix H summarise the results of the chi- square 
association of learners’ understandings at different schools. For the purpose of explaining the 
results of chi-square tests, one comparative analysis which indicates no association between 
NOSI aspects and school is presented and discussed in the section below. 
5.5.1 Similarities in learners’ understandings “begin with a question” 
Table 5.1, Table 5.2 and Table 5.3 below show a sample output for chi-square test of 
association between the schools and NOSI aspects “scientific investigations should begin with 
a question and not necessarily test a hypothesis”. Table 5.1 shows a comparison of the expected 
and observed counts of naïve, mixed and informed understandings about the aspect “begin with 
a question” for each of the school types. These values show the differences between the 
expected mean VASI score and the observed score for participants’ data. For instance, in the 
case of naïve understandings the expected naïve counts for all participants should have been 
9.3 naïve counts. However, the participant at township schools recorded 14 counts of naïve 
understandings, former Model C schools eight counts of naïve understandings and independent 
schools six counts of naïve understandings. 
Table 5.1: Cross tabulations of expected and observed counts. 
 
Begin with a Question 
Total Naïve Mixed Informed 
Type of school  Township school Count 14 9 7 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Former model c school Count 8 7 15 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Independent school Count 6 8 16 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Total Count 28 24 38 90 
Expected 
Count 
28.0 24.0 38.0 90.0 
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Also, Table 5.2 shows the results of the actual chi-square test of association between the aspect 
‘begin with a question’ and the different school types. These results indicate that there is no 
significant association between the aspect ‘begin with a question’ and the types of school 
learners attend, with a chi-square value X2 (4, N = 90) = 7.806, p =.099. 
Table 5.2: Chi-Square test of association 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 7.806a 4 .099 
Likelihood Ratio 8.080 4 .089 
Linear-by-Linear 
Association 
6.606 1 .010 
N of Valid Cases 90   
a. 0 cells (0.0%) have expected count less than 5. The 
minimum expected count is 8.00. 
 
With the asymptomatic significance being >.05, there is clear indication that the observed 
differences in learners’ understandings in the different schools are not significant. 
Another confirmatory value which indicates the extent of the association between two 
categorical variable is the Cramer’s V value, as displayed in Table 5.3. Cramer’s V values 
range from 0 to 1 and indicate the extent of the relationship between two variables (Pallant, 
2010). If the value for Cramer’s V is very small, the relationship between variable is considered 
to be weaker and vice versa. For the variables, school types and understandings about inquiry 
the Cramer’s V value =.208 sig. >.05 as seen in Table 5.3 indicated a relatively weak 
association between the variables (Wicher, 2013). 
Table 5.3: Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .295 .099 
Cramer's V .208 .099 
N of Valid Cases 90  
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Similar to the aspect “begin with a question” as described above, all the other tests of 
association (See tables in Appendix H) reveal no major differences in how the participant 
learners at the different school types understood the other six NOSI aspect, namely: “There is 
no single set or sequence of steps followed in all scientific investigations,” “Inquiry procedures 
are guided by the question asked,” “All scientists performing the same procedures may not get 
the same results.” “Inquiry procedures can influence the results.” “Research conclusions must 
be consistent with the data collected.” and “Scientific data are not the same as scientific 
evidence.” 
Only one aspect about the NOSI, “Explanations are developed from a combination of collected 
data and what is already known” measured a high degree of association with the school types 
as discussed below. 
5.5.2 Differences in learners’ understandings about scientific inquiry across the 
different schools. 
The aspect, “explanations are developed from a combination of collected data and what is 
already known” showed significant association with the school type learners attended. 
Table 5.4 shows the expected and observed counts of learners’ understandings about the way 
scientists develop explanations. 
Table 5.4: Cross tabulation of expected and observed counts 
 
Explanation from data and prior 
knowledge 
Total Naïve Mixed Informed 
Type of school  Township school Count 14 14 2 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
Former model C 
school 
Count 6 13 11 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
129 
Independent 
school 
Count 3 11 16 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
Total Count 23 38 29 90 
Expected 
Count 
23.0 38.0 29.0 90.0 
 
Table 5.4 indicates the differences recorded for the expected and observed counts of learner’s 
understandings. A wide count gap exists for the naïve and informed counts for the different 
schools. For example, the observed informed counts for township was 2 against the expected 
count of 9.7, while observed informed count for independent schools was 16, way above the 
expected count of 9.7. The relevance and effects of these counts are reflected in the results of 
the chi-square test of association and shown in Table 5.5. 
Table 5.5: Chi-square test 
 Value df Asymptotic Significance (2-sided) 
Pearson Chi-Square 19.217a 4 .001 
Likelihood Ratio 21.329 4 .000 
Linear-by-Linear Association 17.967 1 .000 
N of Valid Cases 90   
a 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.67. 
Table 5.5 indicates that there is a significant relationship between the aspect “explanations are 
developed from a combination of collected data and what is already known.” and the type of 
school learners attended with a chi-square value X2 (4, N= 90) = 19.217, p =.001. The p-value 
of .01 indicated a significant difference in the way the learners understood this aspect in the 
three different school types. 
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The Cramer’s V value =.327 as seen in Table 5.6 is a summary matrix which indicates the 
extent of the relationship between school learners attend and learners’ understandings of the 
aspect as being a moderate association (Fields, 2009). 
Table 5.6: Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .462 .001 
Cramer's V .327 .001 
N of Valid Cases 90  
 
5.6 DISCUSSION 
The findings from the comparative analysis by chi-square tests revealed that for seven of the 
eight NOSI aspects, learners’ understandings were not dependent on school type attended. A 
significant association between learners’ understanding and school types was evident for only 
one VASI aspect, namely “explanations should be derived from data and prior knowledge.” As 
seen in Table 5.4, for example, only two learners out of 30 learners in the township school 
category expressed informed understandings about this aspect while at independent schools 16 
out of 30 learners indicated informed understandings. This shows a vast difference of 14 counts 
for informed understandings between the two school types. 
The significant difference recorded for the aspect “explanations are developed from a 
combination of collected data and what is already known”, is a clear indication of the impact 
of intentional inquiry task as was the case for the independent school learners who scored the 
most informed responses for the aspect. For example, when asked to summarise how scientists 
explained their findings as part of VASI question 7B; learner L3 (Appendix I 3:15), from an 
independent school said that: “The scientists had to have some conclusions made from their 
own collected data and possibly work on what others found in the past.” When asked to 
elaborate on the meaning of “what others found in the past”, the learner indicated that the 
scientific knowledge already known was essential in making explanations. He further 
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elaborated that they had been given a series of investigations to do on their own and they had 
to take a lot from prior knowledge in order to complete their tasks and explain their findings. 
These findings indicate that learners may not gain more informed understandings about SI, just 
by the being in a particular school. The possibility of science learners having informed 
understandings about a particular aspect of the NOSI is dependent on the kind of teaching 
activities, inquiry engagements, and deliberate and planned teacher instructions which target 
reflections on the “why?” of every investigative step and the degree of autonomy given to 
learners to carry out open inquiry. 
The overall results obtained here also confirm the ideologies of several science education 
researchers who posit that it is not enough to “do inquiry”, but rather to ensure that every 
investigative task is accompanied with explicit instruction which will enhance critical and 
metacognitive thinking, such as to promote deeper understandings of the different aspects that 
characterise the NOSI. (Capps & Crawford, 2013; Leblebicioglu et al., 2017; Lederman et al., 
2017; Yang et al., 2017). 
5.7 CONCLUSION FROM FINDINGS 
The overall findings of this study reveal that the participant Grade 12 learners mostly held 
mixed and naïve understandings about the eight aspects that characterise the NOSI. With only 
three aspects in which more than 50% of the participants from at least one school type held 
informed understandings; namely “Scientific investigations should begin with a question,” 
where learners from independent schools held 53% informed understandings. “Inquiry 
procedures are guided by the questions asked” where learners from independent schools held 
57% informed understandings and “research conclusions should be consistent with the data 
collected”, where 60% of the learners from independent schools also held informed 
understanding. The remaining five core aspects of which underpin the NOSI registered mostly 
mixed and naïve understandings for all the school types. The aspect which recorded the most 
naïve understanding was; “There is no single set of steps followed in all scientific 
investigations” and the most mixed understanding was recorded for “Scientific data are not the 
same as scientific evidence”. All of these findings reveal that the way in which inquiry is 
facilitated in school science is such that learners will only gain understandings about the NOSI 
by chance. It is evident from these findings that there is no intentional aim which targets the 
development of learners’ NOSI understandings, within school inquiry instructions. 
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5.8 CHAPTER SUMMARY 
The main aim of the chapter was to answer the research question, “How do learners’ 
understandings about scientific inquiry compare and contrast in township, suburban and 
independent schools?” To answer the research question the results of the Pearson’s chi-square 
tests employed for the purpose of comparing and contrasting science learners’ SI 
understandings across school types were presented and discussed. These were followed by 
conclusions from the findings and a chapter summary. 
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CHAPTER 6 - CONCLUSIONS, RECOMMENDATIONS AND 
PROPOSITIONS BASED ON FINDINGS 
6.1 INTRODUCTION 
This chapter summarises the findings, provides conclusions and recommendations for practice, 
policy and future research, as well as describing the limitations of the study. The main aim of 
the study was to establish the levels of understandings that Grade 12 learners have about 
scientific inquiry and to further assess how these understandings maybe different or similar in 
different school types. After achieving this aim, the researcher in this chapter also proposes a 
reflective cycle, which can be used to intentionally scaffold explicit understandings about the 
NOSI in science classrooms. In the last part of the chapter, an overview of the research report 
is presented followed by the chapter summary. 
6.2 CONCLUSIONS BASED ON ALL FINDINGS 
A critical evaluation of the students’ responses to both the VASI open-ended instrument and 
semi-structured interviews revealed that more than 50% of the total participants in the study 
held naïve and mixed understandings about the eight NOSI aspects. In particular, the poorest 
understood aspects of scientific inquiry, “scientific investigations can follow different 
methods” with 1.1 % of participants (1 learner) showing informed understandings revealed that 
learners simply did not comprehend the difference between experimental and non-experimental 
scientific investigations. 
A comparison of the three school types indicated that under-resourced township school learners 
held more naïve and mixed understandings in most aspects while learners from the independent 
and former model C public schools demonstrated more mixed and informed understandings for 
most of the NOSI aspects than the township schools. The differences recorded in the learners’ 
understandings across the three school types were not significant enough to indicate that the 
type of school learners attended had any major influences on learners’ holistic understandings 
of the NOSI except for the aspect “explanations are derived from data collected and prior 
knowledge”. 
134 
6.3 IMPLICATIONS OF FINDINGS 
The implications of these findings for science education are that possible gaps exist within 
science instruction on how scientific inquiry is enacted within school science ((Dudu & 
Vhurumuku, 2012; Dudu, 2014a). In a South African study by Dudu (2014b) the researcher 
indicated that “teachers’ NOSI conceptions on three NOSI tenets were found to be fluid and 
lacked coherence”. (Dudu, 2014a, p. 15). Findings from many other studies have also revealed 
that the science teachers themselves do not have complete understandings of the NOSI (Capps 
& Crawford, 2013; Dudu, 2014b). This implies they will not be able to adequately and 
explicitly teach the aspects of inquiry (Carlsen, 1987; Clark & Peterson, 1986; Senler; 2015). 
It becomes evident from these findings that more effort needs to be invested in developing pre- 
and in-service teachers’ understandings about NOSI, and also training them to teach and assess 
the understandings about scientific inquiry. 
Based on these findings and those of other studies, explicit and reflective instructions are 
relevant, in constructing learners’ NOSI understandings (Adisendjaja et al., 2017; Antink-
Meyer et al., 2016; Gaigher et al., 2014; Leblebicioglu et al., 2017; Yang et al., 2017). Teachers 
ought therefore to make a conscious effort to intentionally pose questions and probe reflections 
that will develop learners’ understandings about scientific inquiry. Furthermore, the 
epistemological orientations of teaching science as inquiry should be promoted among science 
teachers through specialised training. 
6.4 RECOMMENDATIONS FOR TEACHER PRACTICE 
The findings from this study suggest that there is a need for teachers to incorporate more 
investigative tasks in the science classrooms, aimed at promoting learners’ acquisition of 
science process skills, but more importantly engage learners in reflecting on the eight aspects 
that describe the NOSI while “doing” inquiry. 
The implicit assumptions that learners will automatically understand the real meaning of each 
step they follow in doing investigative tasks has also shown to not be effective in constructing 
learners’ understandings about scientific inquiry (Adisendjaja et al., 2017; Gaigher et al., 2014; 
Lederman et al., 2014). It is therefore recommended that science teachers find ways of 
explicitly engaging learners in reflections on the NOSI. This kind of reflective practice is not 
one which is teacher centred or lecture driven as generally misunderstood by a few researchers 
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(Duschl & Grandy, 2012). It entails that the teacher assumes the role of a facilitator, while 
engaging learners’ reflections through reflective questions and probes based on the inquiry 
processes. 
Another parameter indicated from the findings of this research is the overuse of the 
experimental design in science teaching in South African classrooms and internationally 
(Gaigher et al., 2014; Lederman et al., 2014; Yang et al., 2017). Little or no room is left for 
non-experimental scientific investigations, which may be based solely on observations and not 
necessarily deal with the control of different variables noted especially in Physics and 
Chemistry learning. Therefore, the researcher recommends that educators focus more on 
improvising non-experimental investigative tasks and more open forms of inquiry which will 
give learners autonomy in choosing the procedures to follow in investigating the scientific 
questions which they pose. The advantages of exposing Grade 12 science learners to open 
forms of inquiry are enormous. Open inquiry improves learners’ ability to think critically about 
the scientific questions they pose, the procedures they select to answer the questions and the 
collection of relevant data that will be analysed to provide evidence for informed conclusions. 
On the part of teacher educators and lecturers, inquiry instruction and how to teach science 
through inquiry should be regarded as matters of utmost importance when training science 
teachers. Findings from other studies reviewed in this study revealed that teachers within the 
South African context and other countries tend to have fluid understandings about the NOSI 
(Dudu, 2014a). A comparative study by Wang et al. (2017), reported that Chinese teachers 
focused more on “regularity theorem” over the tenets of inquiry in science classrooms (Wang 
et al., 2017, p. 919). This implies that teachers themselves may not typically have informed 
understandings about scientific inquiry and as a result will not be able to effectively teach what 
they do not understand. More is therefore expected for science teacher educators to “be the 
change” they wish to see in global science education. 
6.5 RECOMMENDATIONS FOR POLICY 
The cross-analysis of the curriculum documents in this research revealed curriculum gaps in 
the way scientific inquiry is enacted within school science. For instance, more focus is given 
to the development of science process skills and the communication of research findings 
through argumentation. Again, the curriculum seems relate to the assumptions that learners 
will develop understandings about these eight NOSI aspects by solely doing investigative tasks. 
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Findings from the international Grade 7 assessments on learners’ understandings about inquiry, 
as with these findings reveal that implicit assumptions have not aided the effective development 
of conceptual understandings about scientific inquiry (Lederman, Lederman, Bartels & 
Jimenez, 2019). In the light of this evidence, it is recommended that policy be transformed to 
include explicit inquiry instructions as part of inquiry teaching. Furthermore, the drive for 
policy in science teaching should be targeted towards practices of scientific inquiry as 
advocated by the NGSS rather than features of inquiry, which have dominated science 
education reform documents in recent decades. 
One of the recommendations of the NGSS for science teaching is that science education should 
target the integration of the big ideas of science, thereby providing more time to teach the core 
ideas of a specific subject, identifying and teaching crosscutting concepts across science 
disciplines and emulating the authentic practices of scientists. This solution will address the 
issue of time shortage for teaching science as inquiry in the individual school STEM subjects 
and ultimately lead to developing learners who are more scientifically literate. 
Finally, it is recommended that policy address the way scientific inquiry is assessed in school 
science. Some teachers find it a waste teaching time trying to teach what is not assessed, (Dudu, 
2014a; Ramnarain, 2014). The implications of this are that whatever needs to be learnt should 
be adequately assessed in standardised tests, as teachers will “place heavy emphasis on 
preparing learners for a standardised test” (Ramnarain, 2014, p. 189). Therefore, it is 
recommended that learners’ understandings about NOSI aspects be incorporated in 
standardised science tests. 
6.6 RECOMMENDATIONS FOR FUTURE RESEARCH 
The development of informed understandings about scientific inquiry is dependent on several 
factors within the framework of IBSE. These factors presented themselves during the course 
of this study and are therefore recommended as pathways for further research. Several 
questions arose as to why learners’ understandings about scientific inquiry are mostly naïve 
and mixed, rather than informed. The answer to these questions is directly linked to the sources 
of learners’ understandings about the NOSI. As revealed by learner responses, most of them 
rely on school inquiry tasks given by science teachers to formulate their NOSI understandings. 
This led to the recommendation that possible assessment of pre- and in-service teachers’ 
understandings about the NOSI is needed. In addition, the relationship between understandings 
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about scientific inquiry and learners’ performance in standardised tests could be assessed to 
ascertain the impact of gaining informed understandings about the NOSI. 
Finally, the relationship between learners’ understandings about inquiry and the attitudes 
towards careers in STEM will be worth exploiting. 
6.7 PROPOSING A REFLECTIVE CYCLE 
Reflective teaching is an inquiry approach that emphasises an ethos of care and stems from the 
constructivist approaches to teaching. It is one which seeks to transfer the theories of reflection 
to practice, such as inquiry-based teaching (Henderson, 2001). A teacher who adopts an 
inquiry-based reflective model as their practice, views his or her learners as a “thinker, creator, 
and constructor” of knowledge (Kapelari, 2015, p. 95). Integral to constructivist theories of 
learning, is the ability for the learner to be developed as a creative problem solver. Therefore, 
it becomes critical for science teachers to give learners the responsibility of assessing and 
solving problems without following the typical prescribed “cookbook” recipes. The 
proposition of the reflective practitioner then becomes relevant in this critical thinking, 
problem-solving approach to learning science as inquiry. 
Based on this theoretical disposition the researcher therefore proposes a reflective cycle, which 
can enable learners to develop informed understandings about the NOSI. Learners should be 
asking questions like “what decisions should I be making?”, “on what basis do I make these 
decisions?”, and “what can I do to enhance learning?” 
Figure 6.1 provides a proposed reflective cycle, consisting of probing and prompting questions 
which science learners can follow to enhance their understanding of the NOSI. 
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Figure 6.1: A reflective cycle for improving learners’ understandings about scientific inquiry. 
Source: Researcher 
 
As proposed on the diagram in Figure 6.1, every phase of an inquiry should be accompanied 
with a question, which sparks critical reflection on the part of from learners about a NOSI 
aspect. For instance, if a scientific investigation is proposed, learners should primarily reflect 
on the scientific question which drives the inquiry. When the research question to be answered 
by learners is “what are the procedures that can be employed to answer the scientific question?” 
and a possible procedure is selected, the follow-up reflective question should be related to the 
nature of the actual method which will be employed in the inquiry by establishing whether an 
experiment (involving the control of variables) or a non-experimental method (involving no 
control of variables) will be employed for the inquiry. In answering these reflective questions, 
the researcher hopes that learners will be able to understand the eight aspects, which embody 
the nature and processes of scientific inquiry. 
Finally, the role of the science teacher as a facilitator of learning is crucial in starting this kind 
of a metacognitive process targeted at exposing learners to the different NOSI aspects. The 
teacher using the proposed series of questions will play a critical role in provoking cognitive 
conflict in learners’ minds at every stage of a given investigation, then consciously steps back, 
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giving room for the learners to debate, discuss and reflect on the nature of the inquiry they are 
engaged with. 
6.8 LIMITATIONS OF THE STUDY 
An important aspect of the study included curriculum differences between the independent 
schools and the public schools. Even though all the curricula are informed by the NCS, different 
topics and skills are taught at different grade levels in independent schools. 
Forward and back VASI questionnaire translations could not be made for the remaining 10 
official languages besides English, due to financial and time constraints. However, the 
researcher offered to translate if requested, but all participant learners preferred the English 
version of the instrument. 
The sample size used for the study was not representative of the entire population, as it accounts 
only for three education districts in the region. Therefore, the findings from the study are not 
generalisable for the entire population. The researcher recommends larger scale samples 
including rural schools for future research. 
6.9 CONCLUSION 
In examining the findings of this study and those of recently published studies which employed 
the VASI instrument in assessing learners’ understandings about scientific inquiry, one thing 
which stands out is that the aspects that characterise the NOSI are not well understood by 
learners. The acquisition of informed understandings about inquiry is not obtained accidentally, 
but rather has to be intentionally facilitated, with explicit instructions and critical reflections to 
ensure that the desired outcomes are met. 
In summary, the findings of the study reveal that Grade 12 Physical and Life science learners 
have mostly mixed and naïve understandings about the NOSI and these understandings are not 
significantly different in differently resourced school types. 
6.10 OVERVIEW OF RESEARCH REPORT. 
The entirety of this study through six chapters summarised the background to the research by 
elaborating the gaps in research on assessing learners’ understandings about scientific inquiry 
within school science. The second chapter summarised the conceptual framework on which the 
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study was formulated, with a critical examination of the eight knowledge aspects about 
scientific inquiry, overlapping concepts which affect the development of understandings about 
scientific inquiry and a review of current literature assessing the understandings about scientific 
inquiry. A methodology discussion followed, including research design, data collection, 
analysis, interpretation and evaluation of the research through ensuring code reliability, and 
transferability and credibility. This was covered in Chapter 3. Chapters 4 and 5 described the 
analysis and discussion on phase 1 and 2 data with the intention of answering the research 
questions that were posed. The last section, Chapter 6, has presented the conclusions, 
implications and recommendations based on the findings of the study. The researcher’s 
contribution and an overview of the study were also presented. 
6.11 CHAPTER SUMMARY 
This chapter provided an overview of the, conclusions, implications and recommendations for 
practice, policy and future research. The researcher also proposed a reflective cycle targeted at 
enhancing learners’ understandings about scientific inquiry. Finally, the major limitations of 
the study were highlighted and discussed. 
141 
REFERENCES 
 
Abd-El-Khalick, F., Boujaoude, S., Duschl, R., Lederman, N. G., Mamlok-Naaman, R., 
Hofstein, A., & Tuan, H. L. (2004). Inquiry in science education: International 
Perspectives in Science Education, 88(3), 397-419. doi: 10.1002/sce.10118. 
Abd-El-Khalick, F. (2013). Teaching with and About Nature of Science, Science Teacher 
Knowledge Domains. Science and Education, 22, 2087-2107. 
Abdi, A. (2014). The Effect of Inquiry-based Learning Method on Students’ Academic 
Achievement in Science Course. Universal Journal of Educational Research 2(1), 37-
41. 
Achieve, Inc. (2015). Next generation science standards. Retrieved from 
http://www.nextgenscience.org/next- generationscience-standards 
Adisendjaja, Y. H., Rustaman, N.Y., Redjeki, S. & Satori, D. (2017). Science Teachers’ 
Understanding of Scientific Inquiry in Teacher Professional Development. IOP Conf. 
Series: Journal of Physics, 812, doi:10.1088/1742-6596/812/1/012054 
Agresti,A.(2013).Categorical data analysis. Retrieved from http://ebookcentral.proquest.com 
Aikenhead, G. (1973). The measurement of high school students’ knowledge about science 
and scientists. Science Education, 57, 539–549. 
American Association for the Advancement of Science [AAAS]. (1993). Benchmarks for 
science literacy. New York: Oxford University Press. 
Anderson, R. D. (2002). Reforming science teaching: What research says about inquiry. 
Journal of Science Teacher Education, 13(1), 1-12. 
Anderson, R.D. (2007). Inquiry as an organizing theme for science curricula. In: S. K Abell 
and N. G Lederman (Eds,) J. D. Brown, A.L., & Cocking, R. (Eds.). (2000). How people 
learn: Brain, mind, experience, and school. Washington, D.C.: National Academy Press. 
142 
Antink-Meyer, A., Bartos, S., Lederman, J. S., & Lederman, N. G. (2016). Using science camps 
to develop understandings about science Inquiry-Taiwanese students in a US summer 
camp. International Journal of Science and Mathematics Education, 14(1), 29-53. 
Assarroudi, A., Hashmi, N. F., Reza Armat M., Ebadi, A., & Vaismoradi, M. (2018). Directed 
qualitative content analysis: The description and elaboration of its underpinning methods 
and data analysis process. Journal of Research in Nursing 23(1) 42–55. 
Atherton, J. S. (2013) Learning and teaching; experiential learning. Retrieved from 
http://www.learningandteaching.info/learning/experience.htm. 
Aydeniz, M., Baksa, K., & Skinner, J., (2011). Understanding the Impact of an Apprenticeship-
Based Scientific Research Program on High School Students’ Understanding of 
Scientific Inquiry. Journal of Science Education and Technology, 20(4), 403–421. doi 
10.1007/s10956-010-9261-4 
Bady, R. A. (1979). Students’ understanding of the logic of hypothesis testing. Journal of 
Research in Science Teaching, 16, 61–65. 
Bantwini BD 2010. How teachers perceive the new curriculum reform: Lessons from a school 
district in the Eastern Cape Province, South Africa. International Journal of Educational 
Development, 30(1), 83-90. 
Bartels, S. L., Lederman, J. S., & Lederman, N. G. (2012). Knowledge of inquiry: Middle 
school students inquire but do they know. Proceedings of the Southern African 
Association of Research in Mathematics and Science Technology Education 
(SAARMSTE) Conference, University of Malawi, Zomba, Malawi, pp. 6-19. 
Bartos, S. A., & Lederman, N. G. (2014). Teachers’ knowledge structures for nature of science 
and scientific inquiry: Conceptions and classroom practice. Journal of Research in 
Science Teaching, 51 (9), 1150-1184. 
Bell, R. L., Blair, L. M., Crawford, B. A. & Lederman, N. G. (2003). Just do it? Impact of a 
science apprenticeship program on high school students‟ understandings of the nature of 
science and scientific inquiry. Journal of Research in Science Teaching, 40, 487-509. 
143 
Bell, R., Smetana, L. & Binns, L. (2005). Simplifying inquiry instruction. The Science Teacher, 
72(7), 30–33. 
Bell, R.L. (2008). Teaching the nature of science through process skills. Upper Saddle River. 
NJ: Pearson Education. 
Bell, R. L. (2010). Teaching the nature of science through process skills: Activities for grades 
3- 8. New York: Allyn & Bacon/Longman. 
Bellamy, K., Ostini, R., Martini, N., & Kairuz, T. (2016). Seeking to understand: using generic 
qualitative research to explore access to medicines and pharmacy services among 
resettled refugees. International Journal of Clinical Pharmacy, 38, 671–675. doi: 
10.1007/s11096-016-0261-1. 
Bellová, R., Melicherčíková, D., & Tomčík, P. , (2018). Possible reasons for low scientific 
literacy of Slovak students in some natural science subjects. Research in Science & 
Technological Education, 36(2), 226-242. doi: 10.1080/02635143.2017.1367656 
Bitsch, V. (2005). Qualitative research: A grounded theory example and evaluation criteria. 
Journal of Agribusiness, 23(1), 75-91. 
Bjørke, S. A. (2014). Pedagogic approaches in online education. Retrieved from 
https://ufbutv.com/2014/02/26/pedagogical-approaches-in-online-education/ 
Bransford, J.D., Brown, A.L., & Cocking, R. (Eds.). (2000). How people learn: Brain, mind, 
experience, and school. Washington, D.C.: National Academy Press. 
Bruner, J. S. (1961). The act of discovery. Harvard Educational Review 31(1), 21–32. 
Burmeister, M., & Eilks, I. (2012). An example of learning about plastics and their evaluation 
as a contribution to education for sustainable development in secondary school chemistry 
teaching. Chemical Education Research and Practice, 13, 93–102. 
Capps, K. & Crawford, B.A. (2013). Inquiry-based instruction and teaching about nature of 
science: Are they happening? Journal of Science Teacher Education, 24, 497–526. doi: 
10.1007/s10972-012-9314-z 
144 
Carlsen, W. S. (1987). Why do you ask? Effects of science teacher subject matter knowledge 
on teacher questioning and classroom discourse. Paper presented at the annual meeting 
of the American Educational Research Association. New Orleans, LA. 
Cicchetti D. V. Guidelines, criteria, and rules of thumb for evaluating normed and standardized 
assessment instruments in psychology. Psychological Assessment, 6(4), 284–290. 
Chinn, C.A., & Malhotra, B. A. (2002). Epistemologically authentic inquiry in schools: a 
theoretical framework for evaluating inquiry tasks. Science Education 86, 175–219. 
Chisholm, L., (2005). The politics of curriculum review and revision in South Africa in 
regional context. Compare, 35(1), 79-101. 
Clark, C.M., & Peterson, P. L. (1986). Teachers’ thought processes. In MC Wittrock (Eds.). 
Handbook of research on teaching (3rd edition). New York: Macmillan 
Cobern, W. W., Schuster, D., Adams, B., Skjold, B. A., Muğaloğlu, E. Z., Bentz, A. & Sparks, 
K. (2014). Pedagogy of Science Teaching Tests: Formative assessments of science 
teaching orientations. International Journal of Science Education, 36(13), 2265-2288. 
doi: 10.1080/09500693.2014.918672. 
Cohen, L., Manion, L., & Morrison, K. (2011). Research methods in education. (7th Ed). 
London: Routledge Falmer:. 
Collis, J. & Hussey, R. (2014). Business research: A practical guide for undergraduate and 
postgraduate students (4th ed.). Palgrave: Macmillan. 
Crawford, B. (2014). From inquiry to scientific practices in the science classroom. In N. 
Lederman & S. Abell (Eds.), 1141 Handbook of research on science education, vol. II 
(pp. 515–544). New York: Taylor and Francis Group.  
Creswell, J.W. (2009). Research design: Qualitative, quantitative, and mixed methods 
approaches. (3rd Ed.). Los Angeles, CA: Sage. 
Creswell, J.W. (2014). Research design: Qualitative, quantitative, and mixed methods 
approaches (4th Ed.). Los Angeles, CA: Sage. 
145 
Creswell, J.W. (2015). A concise introduction to mixed method research. Thousand Oaks, CA: 
Sage. 
Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and 
mixed methods. (5th Ed). Thousand Oaks, CA: Sage. 
Deniz, H., & Akerson, V,. (2013). Examining the impact of a professional development 
program on elementary teachers’ views of nature of science and nature of scientific 
inquiry, and science teaching efficacy beliefs. Electronic Journal of Science Education, 
17(3). 
Department of Basic Education. (2011a). Curriculum and assessment policy statement: Grades 
10–12 Life Sciences. Pretoria: Government Printer. 
Department of Basic Education. (2011b). Curriculum and assessment policy statement: Grades 
10–12 Physical Sciences. Pretoria: Government Printer. 
De Vaus, D. A. (2001). Research design in social research. London: Sage 
Dudu W.T. & Vhurumuku, E. (2011). Exploring learners’ understandings of the nature of 
scientific inquiry: validation of a research instrument. The International Journal of 
Learning 18(2), 67-84. 
Dudu W.T. & Vhurumuku, E. (2012). Teacher practices of inquiry when teaching 
investigations: A case study. Journal of Science Teacher Education, 23(6): 579-600. doi: 
10.1007/s10972-012-9287 y 
Dudu, W. T. (2014a). Exploring South African high school teachers' conceptions of the nature 
of scientific inquiry: a case study. South African Journal of Education, 34(1), 1-19. 
Dudu W.T. (2014b). South African high school students’ experiences of inquiry during 
investigations: A case study. International Journal of Educational Sciences, 7(2) 241-
251. 
Dudu, W.T. (2015). Facilitating small-scale implementation of inquiry-based teaching: 
encounters and experiences of experimentation multipliers in one South African 
146 
province. International Journal of Science and Maths Education. doi: 10.1007/s10763-
015-9708-4 
Duschl, R. A., & Grandy, R. (2013). Two views about explicitly teaching nature of 
science. Science & Education, 22(9), 2109-2139. 
Elo, S. Kääriäinen, M. Kanste, O. Pölkki, T. Utriainen, K. & Kyngäs, H. (2014). Qualitative 
content analysis: A focus on trustworthiness. doi: 
10.1177/2158244014522633sgo.sagepub.com 
Elo, S., & Kyngäs, H. (2008). The qualitative content analysis process. Journal of Advanced 
Nursing, 62, 107-115. 
European Commission. (2007). Science education now: A renewed pedagogy for the future of 
Europe. Brussels, Belgium: European Commission. 
Field, A. P. (2009). Discovering statistics using SPSS: (and sex and drugs and rock 'n' roll). 
Thousand Oaks, CA: Sage. 
Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2015). How to design and evaluate research in 
education (9th Ed.). New York: McGraw-Hill. 
Fraser, B.J. (1998). Classroom environment instruments: Development, validity and 
applications. Learning Environments Research, 1, 7–33. 
Gaigher, E. Lederman, N. & Lederman, J. (2014). Knowledge about Inquiry: A study in South 
African high schools. International Journal of Science Education, 36 (18), 3125-3147. 
doi: 10.1080/09500693.2014.954156. 
Galano, S., Zappia, A., Smaldone, L., & Testa, I., (2016). Secondary students’ views about 
scientific inquiry. Il Nuovo Cimento C, 38(3), 94. doi: 10.1393/ncc/i2015-15094-1. 
Galison, P. (1997). Image and logic: A material culture of microphysics. Chicago, IL: 
University of Chicago Press. 
Gilgun, J. (2013). Coding in deductive qualitative analysis. 
https://www.slideshare.net/JaneGilgun/deductive-qualitative-analysis-theory-testing 
147 
Gillies, R. M. & Nichols, K. (2015). How to support primary teachers’ implementation of 
inquiry: Teachers’ reflections on teaching cooperative inquiry-based science. Research 
in Science, 45, 171–191. doi:10.1007/s11165-014-9418-x. 
Gräber, W. (2012). PROFILES: Some ideas and comments. In C. Bolte, J. Holbrook, F. Rauch 
(Eds.), Inquiry-based science education in Europe: Reflections from the PROFILES 
project (pp. 222-225). Berlin, Germany: Freie Universität Berlin. 
Graneheim, U. H., & Lundman, B. (2004). Qualitative content analysis in nursing research: 
Concepts, procedures and measures to achieve trustworthiness. Nurse Education Today, 
24, 105-112. 
Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. In N. K. 
Denzin & Y. S. Lincoln (Eds.), Handbook of qualitative research (pp. 105-117). 
Thousand Oaks, CA: Sage. 
Gwet, K. L. (2014). Handbook of inter-rater reliability: The definitive guide to measuring the 
extent of agreement among raters. (4th Ed.). Gaithersburg, MD: Advanced Analytics, 
LLC. 
Hammett, D., & Staeheli, L. (2013). Transition and the education of the new South African 
citizen. Comparative Education Review, 57(2), 309-331. 
Han, S., Choi, S., Noh, T. (2012). Epistemological views of middle school students on scientific 
inquiry. Journal of the Korean Association for Science Education, 32(1), 82-94. 
Henning, E., Van Rensburg, W. & Smit, B. (2004). Finding your way in qualitative research. 
Pretoria: Van Schaik. 
Henderson, J.G. (2001). Reflective teaching: Professional artistry through inquiry (3rd Ed.). 
Upper Saddle River, NJ: Merrill Prentice Hall. 
Hodson, D. (2008). Towards scientific literacy: A teacher’s guide to the history, philosophy 
and sociology of science. Rotterdam: Sense publishers. 
Hofstein, A., & Lunetta, V. (2004). The laboratory in science education: Foundations for the 
twenty-first century. Science Education, 88(1), 28-54. 
http://dx.doi.org/10.1002/sce.10106 
148 
Hofstein, A., Eilks, I., & Bybee, R. (2011). Societal issues and their importance for 
contemporary science education: A pedagogical justification and the state of the art in 
Israel, Germany and the USA. International Journal of Science and Mathematics 
Education, 9, 1459–1483. 
Hsieh, H.-F., & Shannon, S.E. (2005). Three approaches to qualitative content analysis. 
Qualitative Health Research, 15(9), 1277-1288. 
Independent Examination Board, (2014 a). National Senior Certificate Handbook: Life 
Sciences. 
Independent Examination Board, (2014 b). National Senior Certificate Handbook: Physical 
Sciences. 
Jansen, J.D. (1997) 'Essential alterations?' A critical analysis of the state’s syllabus revision 
process. Perspectives in Education, 17(2), 1-11. 
Jansen, J.D. (1998). Curriculum reform in South Africa: A critical analysis of outcomes-based 
education. Cambridge Journal of Education, 28, 321-331. 
Jansen, J.D. (2002). Political Symbolism as Policy Craft: Explaining Non-Reform in South 
African Education after Apartheid. Journal of Education Policy, 17, 199-215. 
Kahlke, R. M. (2014). Generic qualitative approaches: pitfalls and benefits of methodological 
mixology. International Journal of Qualitative Methods, 13, 37-52. 
Kapelari, S. (2015). Theoretical framework. In: S. Kapelari. Garden learning: A study on 
European botanic gardens’ collaborative learning processes, 9–99. London: Ubiquity 
Press. doi: http://dx.doi.org/10.5334/bas.b. License: CC-BY 4.0. 
Krippendorff, K. (2013). Content analysis: An introduction to its methodology. (3rd Ed.) 
Thousand Oaks, CA: Sage. pp. 221–250. 
Larochelle, M. & Desautels, J. (1991). ‘‘Of course, it’s just obvious’’: Adolescents’ ideas of 
scientific knowledge. International Journal of Science Education, 13, 373–389. 
149 
Leblebicioglu, G., Metin, D., Capkinoglu, E., Cetin, P. S., Dogan, E. E., & Schwartz, R. (2017). 
Changes in students’ views about nature of scientific inquiry at a science camp. Science 
and Education, 26(79), 889-917. doi.org/10.1007/s11191-017-9941-z 
Lederman, N. G. (1992). Students’ and teachers’ conceptions of the nature of science: A 
review of the research. Journal of Research in Science Teaching, 29, 331–359. 
Lederman, J. S. (2009). Teaching scientific inquiry: Exploration, directed, guided, and open-
ended levels. National Geographic Science: Best Practices and Research Base. Hapton-
Brown, pp. 8-20. 
Lederman, J. S. (2012). Development of a valid and reliable protocol for the assessment of 
early childhood students’ conceptions of nature of science and scientific inquiry. A paper 
presented at the annual meeting of the National Association of Research in Science 
Teaching, Indianapolis, IN. 
Lederman, N. G., Lederman, J. S., & Antink-Meyer, A. (2013). Nature of science and scientific 
inquiry as contexts for the learning of science and achievement of scientific literacy. 
International Journal of Education in Mathematics, Science and Technology, 1(3), 138-
147. 
Lederman, J. S., Lederman, N. G., Bartos, S. A., Bartels, S. L., Antink, A., & Schwartz, R. S. 
(2014). Meaningful assessment of learners’ understanding about scientific inquiry – the 
views about scientific inquiry (VASI) questionnaire. Journal of Research in Science 
Teaching, 51(1), 65-83. 
Lederman, J., Lederman, N., Bartels, S., & Jimenez, J. (2019). An international collaborative 
investigation of beginning seventh grade students' understandings of scientific inquiry: 
Establishing a baseline. Journal of Research in Science Teaching. 
http://wileyonlinelibrary.com/journal/tea .doi: 10.1002/tea21512 
Lee, C., & Shea, M. (2016). An analysis of Pre-service elementary teachers understanding of 
inquiry-based science teaching. Science education international, 27 (2), 219-237. 
Leedy, P. D., & Ormrod, J. E. (2014). Practical research: Planning and design, (10th Ed.). 
New York: Pearson. 
150 
Lelloit, A. D. (2014). Scientific literacy and the South African school curriculum. African 
Journal of research in Mathematics, Science and Technology Education, 18(3), 311-323. 
doi 
Li, D. (2004). Trustworthiness of think-aloud protocols in the study of translation processes. 
International Journal of Applied Linguistics, 14(3), 301-313. doi: 10.1111/j.1473-
4192.2004. 00067.x 
Lincoln, S. Y., & Guba, E. G. (1985). Naturalistic inquiry. Thousand Oaks, CA: Sage. 
Maree, K. (2010). First steps in research. Pretoria: Van Schaik. 
Marshall, J. C. (2013). Succeeding with inquiry in science and math classrooms. Alexandria, 
VA: NSTA 
Mayring, P. (2000). Qualitative content analysis. Forum: Qualitative Social Research, 
1(2). Retrieved from 
http://www.qualitativeresearch.net/index.php/fqs/article/view/1089/2386 
Mayring P. (2014). Qualitative content analysis: Theoretical foundation, basic procedures and 
software solution. Klagenfurt: Monograph. Retrieved from: http://nbnresolving. 
de/urn:nbn:de:0168-ssoar-395173. 
McComas, W. (1998). The principal elements of the nature of science: Dispelling the myths. 
In W.F. McComas (Ed.), The nature of science in science education: rationales and 
strategies, (pp. 53–70). Dordrecht: Kluwer Academic Publishers. 
McGraw, K. O., & Wong, S. P. (1996). Forming inferences about some intraclass correlation 
coefficients. Psychological Methods, 1(1):30–46. 
Merriam, S. B. (1998). Qualitative research and case study applications in education. San 
Francisco, LA: Jossey-Bass. 
Metz, K. E. (2004). Children's understanding of scientific inquiry: Their conceptualization of 
uncertainty in investigations of their own design. Cognition and Instruction, 22(2), 219-
290. 
151 
Meyer, X., & Crawford, B. A. (2015). Multicultural inquiry; Toward demystifying scientific 
culture and learning science. Science Education, 99(4), 617–637. 
Miles, M., & Huberman, A. M. (1994). Qualitative data analysis. Thousand Oaks, CA: Sage. 
Miller, W.L., & Crabtree, B.F. (1992). Primary care research: A multimethod typology and 
qualitative road map. In B.F. Crabtree & W.L. Miller (Eds.). Doing qualitative research 
(pp. 3-28). Newbury Park, CA: Sage. 
Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry‐based science instruction-what is it 
and does it matter? Results from a research synthesis years 1984 to 2002. Journal of 
Research in Science Teaching, 47 (4), 474-496. 
Mokiwa, H. O. (2014). Exploring the teaching of physical science through inquiry. 
International Journal of Educational Science, 7(1), 2014, 21-27. 
Mouton, J. (2001). How to succeed in your master’s and doctoral studies. A South African guide 
and resource book. Pretoria: van Schaik. 
Muntholib & Munzil, (2016). Scientific inquiry-based reflective learner as teacher lecturing 
strategy on students’ conceptual and scientific inquiry understanding in learning school 
chemistry. Proceeding of the 6th Annual Basic Science International Conference. 
Published online, on June 7, 2016. pp. 102-106. 
Murphy, P. (2008). Defining pedagogy. In K. Hall, P. Murphy & J. Soler (Eds.), Pedagogy and 
practice: Culture and identities (pp. 28-39). London: Sage. 
National Academy of Sciences, (2002). Guiding principles for scientific inquiry. In: Shavelson 
R. J. & Towne L. (Eds.), scientific research in education. Washington, DC: National 
Academy Press. 
National Research Council (1996). National science education standards. Washington, DC: 
National Academy Press. 
National Research Council (2000). Inquiry and the national science education standards. 
Washington, DC: National Academy Press. 
152 
National Research Council (2012). A framework for K-12 science education: Practices 
crosscutting concepts and core ideas. Washington, DC: National Academy Press. 
NGSS Lead States. (2013a). Next Generation Science Standards: For states, by states (vol. 1, 
The Standards). Washington, DC: The National Academies Press. 
http://www.nextgenscience.org/nextgeneration-science-standards 
NGSS Lead States. (2013b). Next Generation Science Standards: For states, by states (vol. 2, 
Appendices). Washington, DC: The National Academies Press. Retrieved from 
http://www.nextgenscience.org/next-generation-science-standards. 
Organisation for Economic Co-operation and Development. (2013, March 1). PISA 2015 
Draft science framework. Paris: OECD. Retrieved from 
http://www.oecd.org/pisa/pisaproducts/pisa2015draftframeworks.htm. 
Osborne, J. (2010). Arguing to learn in science: The role of collaborative, critical discourse. 
Science, 328, 463–466. 
Osborne, J. (2014). Teaching scientific practices: Meeting the challenge of change. Journal of 
Science Teacher Education, 25(2), 177-196. 
Ozdem, Y., & Cavas, B. (2016). Pedagogically desirable science education: Views on inquiry-
based science education in Turkey. Journal of Baltic Science education, 15(4), 506-522 
Pace, R., & Farrugia, J. (2014). What are Maltese undergraduate students’ views of the nature 
of science and scientific inquiry? Methods, 7, 3-4. 
Pallant, J. (2010). SPSS survival manual: A step by step guide to data analysis using SPSS. 
Maidenhead: Open University Press/McGraw-Hill, 
Patton, M. Q. (2002). Qualitative research and evaluation methods. Thousand Oaks, CA: Sage. 
Patton, M. Q. (2012). Essentials of utilization-focused evaluation. Thousand Oaks, CA: Sage. 
Piburn, M. D., & Baker, D. R. (1993). If I were the teacher... qualitative study of attitude 
towards science. Science Education, 77, 393-406. 
Polit, D. F., & Beck, C. T. (2012). Nursing research: Principles and methods. Philadelphia, 
PA: Lippincott Williams & Wilkins. 
153 
Ramnarain, U. (2010). A report card on learner autonomy in science investigations. African 
Journal of Research in Mathematics, Science and Technology Education, 14(1), 61 -72. 
Ramnarain, U. (2014). Questioning the validity of inquiry assessment in a high stakes Physical 
Sciences examination. Perspectives in Education, 32(1), 179-199. 
Ramnarain, U. & Schuster, D. (2014). The pedagogical orientations of South African Physical 
Sciences teachers toward inquiry or direct Instructional Approaches. Research in Science 
Education, 44(4), 627-650. 
Ramnarain, U. & Hobden, P. (2015). Shifting South African learners towards greater autonomy 
in scientific investigations. Journal of Curriculum Studies, 47(1), 94-121. 
Ramnarain, U. (2016). Understanding the influence of intrinsic and extrinsic factors on inquiry-
based science education at township schools in South Africa. Journal of research in 
science teaching, 53 (4), 598-619. doi: 10.1002/tea.21315 
Ramnarain, U., & Hlatswayo, M. (2018). Teacher beliefs and attitudes about inquiry-based 
learning in a rural school district in South Africa. South African Journal of Education, 
38(1). doi.org/10.15700/saje.v38n1a1431. 
Reddy, V., Visser, M., Winnaar, L., Arends, F., Juan, A., & Prinsloo, C.H. (2016). TIMSS 
2015: Highlights of Mathematics and Science Achievement of Grade 9 South African 
Learners. Human Sciences Research Council. 
Rogan, J.M. (2015). Unfinished Business: From policy to implementation. Proceedings of the 
International Council on Education for Teaching (ICET), 59, 42-57 Retrieved from 
https://www.icet4u.org/docs/Naruto_2015.pdf 
Roth, K. J., & Garnier, H.E. (2007). What science teaching looks like: An international 
perspective. Education Leadership 64 (4), 16–23. 
Sadler, T., Burgin, S., McKinney, L., & Ponjuan, L. (2010). Learning science through research 
apprenticeships: a critical review of the literature. Journal of Research in Science 
Teaching 47(3), 235–256. 
Saldaña, J., (2016). The coding manual for qualitative researchers. Thousand Oaks, CA: Sage. 
154 
Sandelowski, M. (2000). Whatever happened to qualitative description? Research in Nursing 
& Health, 23, 334-340. 
Sandoval, W. A., & Reiser, B. J. (2004). Explanation-driven inquiry: Integrating conceptual 
and epistemic scaffolds for scientific inquiry. Science Education, 88, 342-375 
Schreier, M. (2012). Qualitative content analysis in practice. Thousand Oaks, CA: Sage. 
Schreier M (2014) Qualitative content analysis. In: U. Flick (ed.) The Sage handbook of 
qualitative data analysis. Thousand Oaks, CA: Sage. 
Schwandt, T.A. (2001). Dictionary of qualitative inquiry (2nd Ed.). Thousand Oaks, CA: Sage. 
Schwartz, R. & Lederman, N., (2005). Scientists’ epistemological views of science. Paper 
presented at the annual conference of the American Educational Research Association, 
San Francisco. Thousand Oaks, CA: Sage. (pp. 170–183). 
Schwartz, R. S., Lederman, N., & Lederman, J., (2008). An instrument to assess views of 
scientific inquiry: the VOSI questionnaire, National Association for Research in Science 
Teaching (NARST), March 30–April 2, 2008. Baltimore, MD. 
Senler, B. (2015). Middle school students’ views of scientific inquiry: An international 
comparative study. Science Education International, 26(2), 166-179. 
Sjöström, J. (2014). Teaching and Learning for Critical Scientific Literacy: Communicating 
Knowledge Uncertainties, Actors Interplay and Various Discourses about Chemicals. In 
I. Eilks, S. Markic, B. Ralle. (eds.) Science education research and education for 
sustainable development, Publisher: Shaker Verlag, Germany, pp. 37-48. 
Strauss, A., & Corbin, J. (1990). Basics of qualitative research: Grounded theory procedures 
and techniques. London, UK: Sage. 
Tobin, G. A., & Begley, C. M. (2004). Methodological rigour within a qualitative framework. 
Journal of Advanced Nursing, 48(4), 388-396. doi: 10.1111/j.1365-2648.2004.03207.x 
Tsai, C. Y. (2017). The effect of online argumentation of socio-scientific issues on students' 
scientific competencies and sustainability attitudes. Elsevier Ltd. 
http://dx.doi.org/10.1016/j.compedu.2017.08.009 
155 
UK NARIC, (2010) Benchmarking analysis: The National Senior Certificate (Republic of 
South Africa). Gloucestershire: UK NARIC, ECCTIS. 
Van der Nest, A. (2012).Teacher mentorship as professional development: Experiences of 
Mpumalanga primary school natural science teachers as mentees. Unpublished master’s 
thesis University of South Africa, Pretoria, Retrieved from 
http://hdl.handle.net/10500/8832 
Veal, W. R., & Allan, E. (2013). Understanding the 2012 NSTA Science standards for teacher 
preparation. Journal of Science Teacher Education 25(5), 567-580. 
Wang, J. Y., Guo, D. H., & Jou, M. (2015). A study on the effects of model-based inquiry 
pedagogy on students’ inquiry skills in a virtual physics lab. Computers in Human 
Behavior, 49, 658-669. 
Wang, J., & Zhao, Y. (2017). Comparative research on the understandings of nature of science 
and scientific inquiry between science teachers from Shanghai and Chicago. Journal of 
Baltic Science Education, 15 (1), 97-108. 
Welch, W. W., Klopfer, L. E., Aikenhead, G.S., & Robinson, J.T. (1981). The role of inquiry 
in science education: Analysis and recommendations. Science Education, 65(1), 33–50. 
Wicher, B. (2013). A bias correction for Cramér's V and Tschuprow's T. Journal of the Korean 
Statistical Society, 42 (3), 323–328. doi: 10.1016/j.jkss.2012.10.002 
Wilson, J. (2010). Essentials of Business Research: A Guide to Doing Your Research Project. 
Thousand Oaks, CA: Sage. 
Windschitl, M., Thomson, J., & Braaten, M. (2008). Beyond the scientific method: model-
based inquiry as a new paradigm of preference for school science investigations. Science 
Education 92(5), 941–967. 
Wong, S. L., & Hodson, D. (2009). From the horse’s mouth: What scientists say about scientific 
investigation and scientific knowledge. Science Education, 93(1), 109–130. 
Wong, S. L., & Hodson, D. (2010). More from the horse’s mouth: What scientists say about 
science as a social practice. International Journal of Science Education, 32(11), 1431–
1463. 
156 
Yang, Il-Ho., Park, S., Shin, J., & Lim, S. (2017). Exploring Korean middle school students’ 
view about scientific inquiry. EURASIA Journal of Mathematics Science and Technology 
Education. 13(7) 3935-3958. doi: 10.12973/eurasia.2017.00765a. 
Yang, H., & Park, J., (2017). Identifying and applying factors considered important in students’ 
experimental design in scientific open inquiry. Journal of Baltic Science Education, 
16(6), 932-945. 
157 
APPENDICES 
Appendix A: Ethics clearance from The University of Johannesburg 
 
 
 
 
 
ETHICS CLEARANCE 
Dear U Ramnarain 
 
 
Ethical Clearance Number: 2017-041 
Re: Grade 12 Physical and Life Sciences Learners’ Understanding about Scientific Inquiry 
Ethical clearance for this study is granted subject to the following conditions: 
 If there are major revisions to the research proposal a new application for ethical 
clearance must be submitted. 
 If the research question changes significantly so as to alter the nature of the study, a 
new application for ethical clearance must be submitted. 
NHREC Interim registration number REC-110613-036 
NHREC Interim registration number REC-110613-036 
158 
 It remains the researcher's responsibility to ensure that all ethical forms and 
documents related to the research are kept in a safe and secure facility and are 
available on demand. 
 Please quote the reference number above in all future communications and 
documents. Please quote the reference number above in all future communications 
and documents. 
The Faculty of Education Research Ethics Committee has decided to 
 
 
Grant ethical clearance for the proposed research. Provisionally grant ethical clearance for the 
proposed research 
Recommend revision and resubmission of the ethical clearance documents Sincerely, 
 
Prof Geoffrey Lautenbach 
Chair: FACULTY OF EDUCATION RESEARCH ETHICS COMMITTEE 
4 April 2017 
NHREC Interim registration number REC-110613-036 
159 
Appendix B: Approval from the department of Basic Education 
 
 
 
 
 
 
 
 
160 
Appendix C: Consent letter signed by school principals 
 Faculty of Education 
  University of Johannesburg 
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  Auckland Park 
  April 2017 
 
Dear Mr/Mrs/Ms/Dr./Prof/Rev__________________________________________________ 
Request for your school’s participation in a baseline study titled, “Grade 12 Physical and Life 
Sciences Learners Understanding about Scientific Inquiry.” 
My name is Mafor Penn and I am a Registered MEd student at the University of Johannesburg. 
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of the approval letter from the Gauteng Provincial Department of Education, stating all the 
necessary terms and conditions under which the research must be carried out at your school. 
Also attached, is a letter stating my role as the field data collector for the research. 
I hope you will positively consider participating in the study and I therefore appeal to you 
please sign the relevant consent form based on your satisfaction with the information provided. 
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Focus of the Research 
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in 21st century classrooms around the globe. Hence the researchers involved will be honoured 
to have your learners participate in this baseline international study. 
Data collection 
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For the research, Grade 12 Physical and Life Sciences learners will be asked to complete the 
views about scientific inquiry (VASI) questionnaires which will take approximately 45 minutes 
of their time. The second phase involves interviewing learners at the school for further clarity 
based on their questionnaire responses, on a later day after primary coding has been done. This 
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in the research is voluntary and if you choose not to participate or withdraw from the research 
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Thank you in advance, for your participation. 
Names and contact details 
 Researcher Supervisor 
Name Mrs M. Penn Prof. Umesh Ramnarain 
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Tel. 011 614 0135 011 559 4384 
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Consent Letter 
I the undersigned__________________________________________________ (Full names 
and surname of the principal) have read and understood the preceding information provided 
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about the baseline study. I have also been given the opportunity to discuss relevant aspects of 
the research with the researcher. I further understand that my teachers and learners will 
voluntarily participate in the research. 
I hereby declare my consent for the researcher to do research at my school. 
   
Position at the school Signature of parent/guardian Date 
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  University of Johannesburg 
  PO Box 524 
  Auckland Park 
  April 2017 
 
 
Dear Mr/Mrs/Ms/Dr./Prof/Rev__________________________________________________ 
 
Request for your class’ participation in a baseline study titled, “Grade 12 Physical and Life 
Sciences Learners Understanding about Scientific Inquiry.” 
My name is Mafor Penn and I am a Registered MEd student at the University of Johannesburg. 
With this letter I will like to ask your consent to do research at your school. Attached is a copy 
of the approval letter from the Gauteng Provincial Department of Education, stating all the 
necessary terms and conditions under which the research must be carried out at your school. 
Also attached, is a letter stating my role as the field data collector for the research. 
I hope you will positively consider participating in the study and I therefore appeal to you 
please sign the relevant consent form based on your satisfaction with the information provided. 
Please also feel free to further interrogate me for further clarity, wherever the need may arise. 
Focus of the Research 
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The main aim of the study is to establish the levels of understandings that learners matriculating 
from high school have about scientific inquiry. The results from the study may serve as the 
starting point of reforms in the pedagogic approaches for inquiry-based teaching and learning, 
in 21st century classrooms around the globe. Hence the researchers involved will be honoured 
to have your learners participate in this baseline international study. 
Data collection 
For the research, Grade 12 Physical and Life Sciences learners will be asked to complete the 
views about scientific inquiry (VASI) questionnaires which will take approximately 45 minutes 
of their time. The second phase involves interviewing learners at the school for further clarity 
based on their questionnaire responses, on a later day after primary coding has been done. This 
will be organised such that it does not interfere with school lessons. Your school’s participation 
in the research is voluntary and if you choose not to participate or withdraw from the research 
process, there will be no penalty. The learners may not derive any direct benefits in cash or 
kind by participating in the study. However, the research outcomes may be beneficial to other 
communities of practice. 
Confidentiality 
For the purposes of anonymity and confidentiality, your name, names of learners or the school 
will not be mentioned in the final report of this research. The collected data, will only be used 
for the purpose of this study and only the researchers involved will have access to the data. 
They will treat this information with the strictest confidentiality. 
Thank you in advance, for your participation. 
 
Names and contact details 
 Researcher Supervisor 
Name Mrs M. Penn Prof. Umesh Ramnarain 
e-mail address Maforpenn@gmail.com uramnarain@uj.ac.za 
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Tel. 011 614 0135 011 559 4384 
Cell. 078 411 9067 082 054 4713 
  
 
Consent Letter 
I the undersigned__________________________________________________ (Full names 
and surname of the science teacher) have read and understood the preceding information 
provided about the baseline study. I have also been given the opportunity to discuss relevant 
aspects of the research with the researcher. I further understand that my learners will voluntarily 
participate in the research. 
I hereby declare my consent for the researcher to do research with my learners. 
   
Position at the school Signature of parent/guardian Date 
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Appendix E: Consent letter signed by parents and learners 
  
Faculty of Education 
  University of Johannesburg 
  PO Box 524 
  Auckland Park 
  April 2017 
 
Dear Parent/Guardian and Learner, 
Your child has been invited to participate in an international baseline study dully approved by 
the GDE titled, “Grade 12 Physical and Life Sciences Learners Understanding of Scientific 
Inquiry.” It is therefore important that you and your child read and understand this request as 
applicable to the study. I hope you will positively consider participating and I therefore appeal 
to you and your child to please sign the attached consent form based on your satisfaction with 
the information provided and that you voluntarily permit your child to participate in the study. 
Focus of the Research 
The main aim of the study is to establish the levels of understandings that learners matriculating 
from high school have about scientific inquiry. The results from the study may serve as the 
starting point of reforms in the pedagogic approaches for inquiry-based teaching and learning, 
in 21st century classrooms around the globe. Hence the researchers involved will be honoured 
to have your child participate in this baseline international study. 
Data collection 
For the research, Grade 12 Physical and Life Sciences learners will be asked to complete the 
views about scientific inquiry (VASI) questionnaires which will take approximately 45 minutes 
of their time. The second phase involves interviewing learners at the school for further clarity 
based on their questionnaire responses, on a later day after primary coding has been done. This 
will be organised such that it does not interfere with school lessons. Your child’s participation 
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in the research is voluntary and if he/she chooses not to participate or withdraw from the 
research process, there will be no penalty. Your child may not derive any direct benefits in cash 
or kind by participating in the study. However, the research outcomes may be beneficial to 
other communities of practice. 
Confidentiality 
For the purposes of anonymity and confidentiality, names of learners or the school will not be 
mentioned in the final report of this research. The collected data, will only be used for the 
purpose of this study and only the researchers involved will have access to the data. They will 
treat this information with the strictest confidentiality. 
Thank you in advance, for your participation. 
Names and contact details 
 Researcher Supervisor 
Name Mrs M. Penn Prof. Umesh Ramnarain 
e-mail address Maforpenn@gmail.com uramnarain@uj.ac.za 
Tel. 011 614 0135 011 559 4384 
Cell. 078 411 9067 082 054 4713 
 
Consent Letter 
I/we the undersigned__________________________________________________ (Full 
names and surname of parent/guardian) 
and___________________________________________ (Full names and surnames of 
learner), have read and understood the preceding information provided about the baseline 
study. I/we were given the opportunity to discuss relevant aspects of the research with the 
researcher. 
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I/we hereby declare that I/we give our voluntary consent that my child may take part in the 
research. 
   
Relationship to the learner Signature of parent/guardian Date 
 
  
Signature of learner Date 
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Appendix F: Views about scientific inquiry questionnaire 
Name:  ______________________________ 
Class:  ______________________________ 
Date:  _______________________________ 
The following questions are asking for your views related to science and scientific 
investigations. There are no right or wrong answers. 
Please answer each of the following questions. You can use all the space provided to answer a 
question and continue on the back of the pages if necessary. 
1. A person interested in birds looked at hundreds of different types of birds who eat different 
types of food. He noticed that birds who eat similar types of food, tended to have similar shaped 
beaks. For example, birds that eat hard-shelled nuts have short, strong beaks, and birds that eat 
insects have long, slim beaks. He wondered if the shape of a bird’s beak was related to the type 
of food the bird eats and he began to collect data to answer that question. He concluded that 
there is a relationship between beak shape and the type of food birds eat. 
1(a) Do you consider this person’s investigation to be scientific? Please explain why or why 
not. 
1(b) Do you consider this person's investigation to be an experiment? Please explain why or 
why not. 
1(c) Do you think that scientific investigations can follow more than one method? 
If no, please explain why there is only one way to conduct a scientific investigation. 
If yes, please describe two investigations that follow different methods, and explain how the 
methods differ and how they can still be considered scientific. 
Two students are asked if scientific investigations must always begin with a scientific question. 
One of the students says “yes” while the other says “no”. Whom do you agree with and why? 
170 
3(a) If several scientists ask the same question and follow the same procedures to collect data, 
will they necessarily come to the same conclusions? Explain why or why not. 
3(b) If 
several 
scientists ask the same question and follow different procedures to collect data, will they 
necessarily come to the same conclusions? Explain why or why not. 
3. Please explain if “data” and “evidence” are different from one another. 
 Two teams of scientists were walking to their lab one day and they saw a car pulled over with 
a flat tire. They all wondered, “Are certain brands of tires more likely to get a flat?” Team A 
went back to the lab and tested various tires’ performance on one type of road surface. Team 
B went back to the lab and tested one tire brand on three types of road surfaces. 
Explain why one team’s procedure is better than the other one. 
4. The data table below shows the relationship between plant growth in a week and the 
number of minutes of light received each day. 
Given this data, explain which one of the following conclusions you agree with and why. Please 
circle one: 
A. Plants grow taller with more sunlight. 
B. Plants grow taller with less sunlight. 
Minutes of light each day Plant growth-height (cm per week) 
0 25 
5 20 
10 15 
15 5 
20 10 
25 0 
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C. The growth of plants is unrelated to sunlight. 
D. Please explain your choice of a, b, or c below: 
5. The fossilized bones of a dinosaur have been found by a group of scientists. Two different 
arrangements for the skeleton are developed as shown below. 
  
 
(a) Describe at least two reasons why you think most of the scientists agree that the animal 
in figure 1 had the best sorting and positioning of the bones? 
(b) Thinking about your answer to the question above, what types of information do 
scientists use to explain their conclusions? 
Figure 1                                                            Figure 2     
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Appendix G: Semi-structured interview guidelines 
Instructions for Student Interviews 
1. Interview 20% of the student sample 
2. Select a broad array of students that span the high-low understandings as 
 Measured by the VASI 
3. Ask each student to summarise their answer to each of the questions just to 
 Be sure that they understood the question and you understood their answer. 
4. Ask the student if their views have changed on any of the questions since the 
 Administration 
5. If their views have changed, ask what their new view is and why/when did it change. 
6. If views have not changed, ask students when/where they learnt the view they have 
 Expressed on the questionnaire. Try to get as specific an answer that you can for learners’ 
understandings about “the difference between data and evidence.” 
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Appendix H: Tables for chi-square statistics 
Type of school leaner attends * Begin with a Question 
Crosstab 
 
Begin with a Question 
Total Naïve Mixed Informed 
Type of school leaner 
attends 
Township school Count 14 9 7 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Former model c 
school 
Count 8 7 15 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Independent school Count 6 8 16 30 
Expected 
Count 
9.3 8.0 12.7 30.0 
Total Count 28 24 38 90 
Expected 
Count 
28.0 24.0 38.0 90.0 
 
Chi-Square Tests 
 Value df Asymptotic Significance (2-sided) 
Pearson Chi-Square 7.806a 4 .099 
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Likelihood Ratio 8.080 4 .089 
Linear-by-Linear Association 6.606 1 .010 
N of Valid Cases 90   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 8.00. 
Symmetri 
 Value Approximate Significance 
Nominal by Nominal Phi .295 .099 
Cramer's V .208 .099 
N of Valid Cases 90  
 
Type of school leaner attends * Multiple methods 
Crosstab 
 
Multiple methods 
Total Naïve Mixed Informed 
Type of school leaner 
attends 
Township school Count 28 2 0 30 
Expected 
Count 
22.3 7.3 .3 30.0 
Former model c 
school 
Count 22 8 0 30 
Expected 
Count 
22.3 7.3 .3 30.0 
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Independent school Count 17 12 1 30 
Expected 
Count 
22.3 7.3 .3 30.0 
Total Count 67 22 1 90 
Expected 
Count 
67.0 22.0 1.0 90.0 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 11.626a 4 .020 
Likelihood Ratio 12.936 4 .012 
Linear-by-Linear 
Association 
10.898 1 .001 
N of Valid Cases 90   
a. 3 cells (33.3%) have expected count less than 5. The 
minimum expected count is.33. 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .359 .020 
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Cramer's V .254 .020 
N of Valid Cases 90  
 
Type of school leaner attends * Procedure is guided by the question asked 
Crosstab 
 
Procedure is guided by the question 
asked 
Tot
al 
No 
response Naïve Mixed Informed 
Type of school 
leaner attends 
Township school Count 1 22 2 5 30 
Expected 
Count 
1.3 15.3 2.7 10.7 30.
0 
Former Model C 
school 
Count 3 15 2 10 30 
Expected 
Count 
1.3 15.3 2.7 10.7 30.
0 
Independent 
school 
Count 0 9 4 17 30 
Expected 
Count 
1.3 15.3 2.7 10.7 30.
0 
Total Count 4 46 8 32 90 
Expected 
Count 
4.0 46.0 8.0 32.0 90.
0 
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Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 16.834a 6 .010 
Likelihood Ratio 17.847 6 .007 
Linear-by-Linear 
Association 
12.202 1 .000 
N of Valid Cases 90   
a. 6 cells (50.0%) have expected count less than 5. The 
minimum expected count is 1.33. 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .432 .010 
Cramer's V .306 .010 
N of Valid Cases 90  
 
Type of school leaner attends * Same procedure do not necessarily have same results 
Crosstab 
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Same procedure do not necessarily 
have same results 
Total Naïve Mixed Informed 
Type of school 
leaner attends 
Township school Count 6 15 9 30 
Expected 
Count 
11.7 11.3 7.0 30.0 
Former model C 
school 
Count 15 7 8 30 
Expected 
Count 
11.7 11.3 7.0 30.0 
Independent 
school 
Count 14 12 4 30 
Expected 
Count 
11.7 11.3 7.0 30.0 
Total Count 35 34 21 90 
Expected 
Count 
35.0 34.0 21.0 90.0 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 9.054a 4 .060 
Likelihood Ratio 9.883 4 .042 
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Linear-by-Linear 
Association 
4.658 1 .031 
N of Valid Cases 90   
a. 0 cells (0.0%) have expected count less than 5. The 
minimum expected count is 7.00. 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .317 .060 
Cramer's V .224 .060 
N of Valid Cases 90  
 
 
Type of school leaner attends * Procedure can influence results 
 
Crosstab 
 
Procedure can influence results 
Total 
No 
response Naïve Mixed 
Informe
d 
Township school Count 1 13 6 10 30 
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Type of school 
leaner attends 
Expected 
Count 
.7 11.0 6.0 12.3 30.0 
Former modelc 
school 
Count 0 10 6 14 30 
Expected 
Count 
.7 11.0 6.0 12.3 30.0 
Independent 
school 
Count 1 10 6 13 30 
Expected 
Count 
.7 11.0 6.0 12.3 30.0 
Total Count 2 33 18 37 90 
Expected 
Count 
2.0 33.0 18.0 37.0 90.0 
 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 2.248a 6 .896 
Likelihood Ratio 2.876 6 .824 
Linear-by-Linear 
Association 
.685 1 .408 
N of Valid Cases 90   
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a. 3 cells (25.0%) have expected count less than 5. The 
minimum expected count is.67. 
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .158 .896 
Cramer's V .112 .896 
N of Valid Cases 90  
 
 
Type of school leaner attends * Conclusions consistent with data 
 
Crosstab 
 
Conclusions consistent with data 
Total 
No 
response Naïve Mixed 
Informe
d 
Type of school 
leaner attends 
Township school Count 0 15 5 10 30 
Expected 
Count 
.3 13.3 3.0 13.3 30.0 
Count 0 16 2 12 30 
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Former model c 
school 
Expected 
Count 
.3 13.3 3.0 13.3 30.0 
Independent 
school 
Count 1 9 2 18 30 
Expected 
Count 
.3 13.3 3.0 13.3 30.0 
Total Count 1 40 9 40 90 
Expected 
Count 
1.0 40.0 9.0 40.0 90.0 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 8.750a 6 .188 
Likelihood Ratio 8.876 6 .181 
Linear-by-Linear 
Association 
2.544 1 .111 
N of Valid Cases 90   
a. 6 cells (50.0%) have expected count less than 5. The 
minimum expected count is.33. 
 
Symmetric Measures 
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 Value 
Approximate 
Significance 
Nominal by Nominal Phi .312 .188 
Cramer's V .220 .188 
N of Valid Cases 90  
 
Type of school leaner attends * Data versus Evidence 
 
 
 
Crosstab 
 
Data versus Evidence 
Total 
No 
response Naïve Mixed 
Informe
d 
Type of school 
leaner attends 
Township school Count 1 11 18 0 30 
Expected 
Count 
.7 13.0 16.0 .3 30.0 
Former model c 
school 
Count 0 14 15 1 30 
Expected 
Count 
.7 13.0 16.0 .3 30.0 
Count 1 14 15 0 30 
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Independent 
school 
Expected 
Count 
.7 13.0 16.0 .3 30.0 
Total Count 2 39 48 1 90 
Expected 
Count 
2.0 39.0 48.0 1.0 90.0 
 
Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 3.837a 6 .699 
Likelihood Ratio 4.662 6 .588 
Linear-by-Linear 
Association 
.470 1 .493 
N of Valid Cases 90   
a. 6 cells (50.0%) have expected count less than 5. The 
minimum expected count is.33.  
 
Symmetric Measures 
 Value 
Approximate 
Significance 
Nominal by Nominal Phi .206 .699 
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Cramer's V .146 .699 
N of Valid Cases 90  
 
Type of school leaner attends * Explanation from data and prior knowledge 
Crosstab 
 
Explanation from data and prior 
knowledge 
Total Naïve Mixed Informed 
Type of school 
leaner attends 
Township school Count 14 14 2 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
Former model C 
school 
Count 6 13 11 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
Independent 
school 
Count 3 11 16 30 
Expected 
Count 
7.7 12.7 9.7 30.0 
Total Count 23 38 29 90 
Expected 
Count 
23.0 38.0 29.0 90.0 
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Chi-Square Tests 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 19.217a 4 .001 
Likelihood Ratio 21.329 4 .000 
Linear-by-Linear 
Association 
17.967 1 .000 
N of Valid Cases 90   
a. 0 cells (0.0%) have expected count less than 5. The 
minimum expected count is 7.67. 
 
Symmetric Measures 
 Value Approximate Significance 
Nominal by Nominal Phi .462 .001 
Cramer's V .327 .001 
N of Valid Cases 90  
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APPENDIX I: SAMPLES OF LEARNERS’ TRANSCRIPTS FROM SEMI-STRUCTURED 
INTERVIEWS. 
Table 4.6 Transcript learner 1 (L1) 
Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Code assigned 
R Q1. A person interested in birds looked at hundreds of 
different types of birds who eat different types of food. 
He noticed that birds who eat similar types of food, 
tended to have similar shaped beaks. For example, birds 
that eat hard-shelled nuts have short, strong beaks, and 
birds that eat insects have long, slim beaks. He wondered 
if the shape of a bird’s beak was related to the type of 
food the bird eats and he began to collect data to answer 
that question. He concluded that there is a relationship 
between beak shape and the type of food birds eat. 
 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
 
 
L I believe that these variations in the birds are due to 
natural selection. Hence, the investigation is scientific. 
Science as the study 
of nature 
R What do you consider to be a scientific investigation?  
L Experiments in the form of practical. Example can be 
practical in electricity to see the current flowing. 
Mixed view: the 
scientific is 
experimental 
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R b. Do you consider this person's investigation to be an 
experiment? Please explain why or why not. 
 
 
L Yes it is an experiment because of the relationship 
between birds’ beaks and the kind of food they eat. 
Naïve  
R What is the difference between an experiment and any 
other scientific investigation? 
 
L For an experiment you have to do it practically using 
your hands. Investigation is just looking at things.  
Naïve 
R c. Do you think that scientific investigations can follow 
more than one method? 
 
 
L Yes it can follow more than one method. I have changed 
my view. 
Mixed view 
R  Can you please describe two scientific investigations 
that will follow different methods, to explain this 
further? 
 
L For the plant investigation to check whether a plant can 
grow towards light, but I can’t really think of an 
investigation right now. 
 
R 2. Two students are asked if scientific investigations 
must always begin with a scientific question. One of the 
students says “yes” while the other says “no”. Whom do 
you agree with and why? 
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L I agree with the student who says yes, I think the 
investigation should start with a question that describes 
what you are looking for. 
Question Starts 
inquiry 
R 3. (a) If several scientists ask the same question and 
follow the same procedures to collect data, will they 
necessarily come to the same conclusions? Explain why 
or why not.  
 
L They won’t necessarily come to the same conclusion 
especially if we are doing the experiment separately. 
You will see things your own way and I will see it my 
own way. 
Human views are 
different hence 
different results. 
R Generally do you think human imagination and 
creativity play a part in the conclusions that scientists 
make? 
 
L Yes because most of the things that we see here are 
discovered by scientists. 
Human creativity is 
an element. 
R (b) If several scientists ask the same question and follow 
different procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not. 
 
 
L No they will not come to the same conclusion because 
the data that they collect won’t be the same. And the 
procedures are not also the same, so they will not 
conclude the same. 
Data collection will 
be different hence 
different results 
 
R 4. Please explain if “data” and “evidence” are different 
from one another 
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L Data is what you collect and if you collect it you have to 
analyse it to get evidence. So I believe that the two are 
different because if you do not analyse data, it is useless. 
Data and evidence are 
different 
R  5. Two teams of scientists were walking to their lab one 
day and they saw a car pulled over with a flat tire. They 
all wondered, “Are certain brands of tires more likely to 
get a flat?” 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
 
Team B went back to the lab and tested one tire brand on 
three types of road surfaces. 
 
Explain why one team’s procedure is better than the 
other one. 
 
L Team A is better because they used different types of 
tyres and not different kinds of roads as they were meant 
to checkout tyre brands. 
Inquiry procedures 
are guided by the 
question asked. 
R 6. The data table on question six of the VASI shows the 
relationship between plant growth in a week and the 
number of minutes of light received each day. Given the 
said data, explain which one of the following 
conclusions you agree with and why. 
Please circle one: 
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a) Plants grow taller with more sunlight. 
 
b) Plants grow taller with less sunlight. 
 
c) The growth of plants is unrelated to sunlight. 
Please explain your choice of a, b, or c below: 
L I agree with A, because plants need more sunlight to 
grow. But now for the given data I feel the growth of 
plants is unrelated to sunlight. So C. 
What we already 
know informs 
scientific conclusions 
R 7. The fossilized bones of a dinosaur have been 
found by a group of scientists. Two different 
arrangements for the skeleton are developed as question 
seven of the VASI. 
  a. Describe at least two reasons why you think most of 
the scientists agree that the animal in figure 1 had the 
best sorting and positioning of the bones? 
 
 
L Figure 1 has legs which are on the upright posture. Naïve and inexplicit 
R b. Thinking about your answer to the question above, 
what types of information do scientists use to explain 
their conclusions?  
 
L I really don’t have any idea.  naïve 
R What other types of information do scientist use to 
explain their conclusions in general? 
 
192 
L  I think collected data and experiments can help.  Mixed: the role of 
data alone in 
providing 
explanations 
R Has any of your views changed from the time you did 
the questionnaire and now? 
 
L Yes, I didn’t understand some questions like question 
one and six, while I was doing the questionnaire as 
compared to now that you read it out to me. 
Changed view due to 
lack of understanding 
R What informs your views about scientific inquiry?  
L From most of the practical task that we do here at school. 
I also do think that the tasks are enough to inform us 
about scientific inquiry. I do also watch some science 
programs on TV too. 
Source of 
understandings, is 
practical school work 
and TV. 
 
Table 4.7 Transcript learner 3 (L3) 
Person 
speaking 
Interview protocol of questioning (Elaborating on VASI 
responses) 
Codes assigned 
R Q1. A person interested in birds looked at hundreds of 
different types of birds who eat different types of food. He 
noticed that birds who eat similar types of food, tended to 
have similar shaped beaks. For example, birds that eat hard-
shelled nuts have short, strong beaks, and birds that eat 
insects have long, slim beaks. He wondered if the shape of 
a bird’s beak was related to the type of food the bird eats 
and he began to collect data to answer that question. He 
 
193 
concluded that there is a relationship between beak shape 
and the type of food birds eat. 
 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
 
L I think I should have said no, because this investigation was 
just something that was done through observation, it was not 
done in the laboratory where they actually studied the 
characteristics of the basic beaks at one time and they did 
not actually find out more. 
Science is 
Laboratory based 
not mere 
observations 
 
R What do you consider to be a scientific investigation?  
L I feel that everything that is science should be done in a lab. Laboratory based 
R b. Do you consider this person's investigation to be an 
experiment? Please explain why or why not. 
 
 
L No this is not an experiment, as it wasn’t actually proven 
scientifically. It was just based on an observation and 
assumption. 
Observations are 
not scientific 
R c. Do you think that scientific investigations can follow 
more than one method? 
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L I said yes because I think you can use two different methods, 
which can still bring you to the same conclusion. 
Informed with no 
concrete 
explanation 
R  Can you please describe two scientific investigations that 
will follow different methods, to explain this further? 
 
L In electricity we use several methods to check for the 
electromagnetic field and charges. Either a comb, ruler or a 
balloon. 
Mixed 
R 2. Two students are asked if scientific investigations must 
always begin with a scientific question. One of the students 
says “yes” while the other says “no”. Whom do you agree 
with and why? 
 
L I agree with the student who says yes. I believe that there 
should be a question before everything when doing a 
scientific investigation to guide what you are investigating. 
Question starts 
inquiry 
R 3. (a) If several scientists ask the same question and follow 
the same procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not.  
 
L When you use the same procedure to collect data, it is 
actually a way of making the experiment very reliable. So 
yes, the conclusions will be the same. 
Same procedure 
same results more 
reliability 
R (b) If several scientists ask the same question and follow 
different procedures to collect data, will they necessarily 
come to the same conclusions? Explain why or why not. 
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L No, they will not come to the same conclusion because the 
procedure is different, we will collect different data and the 
conclusions will be different. 
Data collection 
will be different 
hence different 
results 
R 4. Please explain if “data” and “evidence” are different from 
one another 
 
L Data is collected information about something while 
evidence is the prove that data exist. I mean you cannot say 
that you have evidence when you don’t have data. Data and 
evidence are not really the same because I feel that evidence 
is resourceful while data on its own cannot be of any help.  
Mixed and not 
quite explicit 
R  5. Two teams of scientists were walking to their lab one day 
and they saw a car pulled over with a flat tire. They all 
wondered, “Are certain brands of tires more likely to get a 
flat?” 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
 
Team B went back to the lab and tested one tire brand on 
three types of road surfaces. 
 
Explain why one team’s procedure is better than the other 
one. 
 
L Team A is better because they used different types of tyres 
on one road surface and could therefore see which one is 
Inquiry procedures 
are selected based 
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better in terms of quality. Using different kinds of roads is 
not reliable. 
on what you what 
to investigate 
R 6. The data table on question six of the VASI shows the 
relationship between plant growth in a week and the number 
of minutes of light received each day. Given the said data, 
explain which one of the following conclusions you agree 
with and why. 
Please circle one: 
 
a) Plants grow taller with more sunlight. 
 
b) Plants grow taller with less sunlight. 
 
c) The growth of plants is unrelated to sunlight. 
Please explain your choice of a, b, or c below: 
 
L I agree with B, because as shown on the table the less 
minutes the plant has under sunlight the taller and bigger it 
grows as shown on the data table. 
Data is the source 
of conclusions 
R 7. The fossilized bones of a dinosaur have been found 
by a group of scientists. Two different arrangements for the 
skeleton are developed as question seven of the VASI. 
  a. Describe at least two reasons why you think most of the 
scientists agree that the animal in figure 1 had the best 
sorting and positioning of the bones? 
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L Looking at both figure 1 and 2, the legs are better positioned 
in figure 1. They are realistically positioned. They are 
bigger and can carry the weight of the entire body. 
Data is the source 
of conclusions 
R b. Thinking about your answer to the question above, what 
types of information do scientists use to explain their 
conclusions?  
 
L They collect data, fossils and research and observation and 
some cultural evidence. 
The scientists had to have some conclusions made from 
their own collected data and possibly work on what others 
found in the past. 
Data through 
observation 
Data and fossil 
evidence 
 
R Please further elaborate the phrase “what others found in the 
past”. 
 
L Scientific knowledge already known is useful in making 
explanations. Our Physical Sciences teacher gave a series of 
investigations for us to do on their and we borrowed quite a 
lot from prior knowledge in order to complete make the 
conclusions from our own finding. 
 
R Has any of your views changed from the time you did the 
questionnaire and now? 
 
L Yes, I misinterpreted some questions like question four, 
where you asked about the difference between data and 
evidence, while I was doing the questionnaire as compared 
to now that I have reflected some more on the question. 
Misinterpretation 
of question four. 
R What informs your views about scientific inquiry?  
198 
L From most of the practical activities that we do here at 
school. I also read books at libraries and interview people 
and also on media. 
School practical 
tasks and media 
R How many practical tasks have you done since beginning of 
the year? 
 
L Just a few as resources are limited.  
 
Table 4.8 Transcript Learner 6 (L6) 
Person 
speaking 
Interview protocol of questioning (Elaborating on 
VASI responses) 
 
Codes assigned 
R Q1. A person interested in birds looked at hundreds 
of different types of birds who eat different types of 
food. He noticed that birds who eat similar types of 
food, tended to have similar shaped beaks. For 
example, birds that eat hard-shelled nuts have short, 
strong beaks, and birds that eat insects have long, 
slim beaks. He wondered if the shape of a bird’s beak 
was related to the type of food the bird eats and he 
began to collect data to answer that question. He 
concluded that there is a relationship between beak 
shape and the type of food birds eat. 
 
a. Do you consider this person’s investigation to be 
scientific? Please explain why or why not. 
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L Yes, the question requires a person to research 
deeper in order to find real facts plus it is related to 
biology of living organisms, and biology is science 
so the question can be considered scientific. 
Science as the study of 
nature 
R When you said the person was looking for “real 
fact”, what did you imply? 
 
L I mean he was looking for visual clues, things that 
you can actually show people to see what you are 
talking about, so that they don’t have any doubts. 
Observations are 
important in 
investigations 
R (b). Do you consider the person’s investigation to be 
an experiment, explain why or why not? 
 
L Yes, to find out about an answer does not require an 
aim, method or a hypothesis. 
Naïve; learner cannot 
define 
experimentation  
R Do you think there is a difference between an 
experiment and any other scientific investigation? 
 
L No, I don’t think there is much difference. There’s 
some concepts that differs with them but it does not 
make them completely different 
 
R Do you think scientific investigation can follow 
more than one method? If No please explain why and 
if yes, please mention the two investigations that 
follow different methods and how those methods 
differ. 
 
L Yes, I think experiments are all about finding proof 
to be able to explain what you are talking about. 
Hence you can have many different ways of 
Naïve: Ways are 
represented as 
methods 
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performing the experiment and at the end come to the 
same conclusion. 
R 2. Two students are asked if scientific investigations 
must always begin with a scientific question. One of 
the students says “yes” while the other says “no”. 
Whom do you agree with and why? 
 
L I think I will change my answer on this question. I 
think a question is a starting point where you can 
start looking for your fact and how you can answer 
your question. So I agree with the student that said 
Yes. 
Question starts 
inquiry 
R So what has changed your view?  
L Firstly, I did not interpret the question properly and 
then during term two we engaged in more complex 
practical tasks, so I came to understand more about 
how these things work. 
Gained more 
understandings due to 
exposure to more 
complex tasks  
R 3a) If several scientists asked the same questions and 
follow the same procedures to collect data will they 
necessarily come to the same conclusion? Explain 
why or why not. 
 
L I think this will vary a lot because there will always 
be that one person who will not come to the same 
conclusion. For example if it is an experiment that 
requires measurements or things like that, some 
person can end up with different amounts, which is 
out of the acceptable range and would completely 
change the conclusion. The experiments will consists 
of procedural mistakes. 
Procedural errors 
account for 
differences 
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R What is they do not make any mistakes with the 
procedure? 
 
L Then don’t think there would be any problem. They 
will end up with the same conclusion. 
 
R (3b) If several scientists ask the same question and 
follow different procedures to collect data, will they 
necessarily come to the same conclusions? Explain 
why or why not. 
 
L They could, because they are answering the same 
question and probably aiming for the right answer to 
the question.  
Different procedure 
might still lead to 
same conclusion. 
R Do you think human factors come into play when 
generating scientific knowledge? 
 
L I think No because men already found science and it 
is just evolving to become the big thing it is now. 
Science is not a 
human endeavour 
R Please explain if “data” and “evidence” are different 
from one another. 
 
 
L No, because they both are information to conclude a 
certain topic. Data is collecting information from e.g. 
Surveys that can help you come to a conclusion, and 
evidence is finding the proof. It could be on a death 
body, … 
Data and evidence are 
the same. 
R 5. Two teams of scientists were walking to their lab 
one day and they saw a car pulled over with a flat 
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tire. They all wondered, “Are certain brands of tires 
more likely to get a flat?” 
 
Team A went back to the lab and tested various tires’ 
performance on one type of road surface. 
 
Team B went back to the lab and tested one tire brand 
on three types of road surfaces. 
 
Explain why one team’s procedure is better than the 
other one. 
 
L Team A, because they tested different types of tyres 
on one road surface. 
Inquiry procedures 
are selected based on 
what you what to 
investigate 
R  Given the data table on question six of the VASI, 
explain which one of the following conclusions you 
agree with and why. 
  
Please circle one: 
 
a) Plants grow taller with more sunlight. 
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b) Plants grow taller with less sunlight. 
 
c) The growth of plants is unrelated to 
sunlight. 
 
Please explain your choice of a, b, or c below: 
L I chose a) because plants grow more with sunlight 
because of photosynthesis, which can boost the 
growth of the plants. And some plants only grow 
with the help of the sunlight.  
What we already 
know informs our 
conclusions 
R 7. The fossilized bones of a dinosaur have been 
found by a group of scientists. Two different 
arrangements for the skeleton are developed as 
shown below. 
 a. Describe at least two reasons why you think most 
of the scientists agree that the animal in figure 1 had 
the best sorting and positioning of the bones?  
 
L Figure 1 looks more proportionate, bones are greatly 
structured. Figure 2, the bones are not structured 
properly and the animals does not have a greater 
chance to survive because the legs will not be able to 
support the whole body. 
Mixed response as the 
question if not 
focused on question 2, 
but on question 1 
R b. Thinking about your answer to the question above, 
what types of information do scientists use to explain 
their conclusions?  
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L Scientists would usually use fossils from the animals 
and would usually look for evidence from the 
environment where the animals lived in. 
Data through 
observation 
Data and fossil 
evidence 
 
R Have any of your views changed from the time you 
did the questionnaire and now? 
 
L Yes, because before the interview I did not have 
knowledge of the topic and questions. But now I was 
able to think further and look at more possibilities 
than that one answer. 
Now I was able to 
think further 
R How do you get your information about scientific 
enquiry? Do you learn it through the content at 
school? 
 
L It is through the curriculum from school. I also have 
my own knowledge since science is interesting to 
me. I am interested in forensics so I usually watch 
some documentaries. 
School work and 
media 
R How does the practical work you do in school inform 
your understandings about scientific inquiry? 
 
L I think the syllables we use are really detail and allow 
us to go through each topic with care. 
From school work 
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Appendix J: Permission from VASI questionnaire authors 
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Appendix K: VASI project (report of quotations) 
 
Project: VASI PROJECT 
Report created by mpenn on 2018/10/28 
Quotation Report 
All (324) quotations 
1:1 because if you start an investigation with a scientific question i…… (2:241 [2:506]) - D 1: 
L1 
because if you start an investigation with a scientific question it shows that you are doing a 
scientific research, and scientific research usually have scientific headings. You have to start 
with a question and create questions to do your investigation. 
1:2 create questions to start the investigation (2:646 [2:690]) - D 1: L1 
create questions to start the investigation 
1:3 because the asking different people and these people are giving diff…… (2:878 [2:1089]) 
- D 1: L1 
because the asking different people and these people are giving different answers about the 
same question they were asked. Moreover, there may be some errors are they will not be using 
the same sources. 
1:4 cannot get to the same conclusion because they use different procedu…… (2:1278 
[2:1352]) - D 1: L1 
cannot get to the same conclusion because they use different procedures. 
1:5 Yes because data is collected and evidence you have to go there and…… (2:1434 [2:1538]) 
- D 1: L1 
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Yes because data is collected and evidence you have to go there and see if the thing really 
happened. 
1:6 because of there is data that was collected and the investigation th…… (1:691 [1:886]) - D 
1: L1 
because of there is data that was collected and the investigation that took place to prove that it 
is true. When you are finding something you have to investigate to prove that it is true. 
1:7 Scientific investigation is when you do an investigation about anima…… (1:939 [1:1058]) 
- D 1: L1 
Scientific investigation is when you do an investigation about animals and species and the 
natural world in general. 
1:8 he is finding the relationship between beak shapes and the type of f…… (1:1172 [1:1378]) 
- D 1: L1 
he is finding the relationship between beak shapes and the type of food they eat, because when 
you do an investigation you have to find the differences and similarities to conclude the 
investigation. 
1:9 the relationship between beak shapes and the type of food they eat,…… (1:1186 [1:1345]) 
- D 1: L1 
the relationship between beak shapes and the type of food they eat, because when you do an 
investigation you have to find the differences and similarities 
1:10 experiment is when you do a certain project then you investigate, co…… (1:1425 
[1:1538]) - D 1: L1 
experiment is when you do a certain project then you investigate, collect data to come up with 
a conclusion. 
1:11 experiment is when you practically doing (collecting things and testi…… (1:1623 
[1:1780]) - D 1: L1 
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experiment is when you practically doing (collecting things and testing) something, for instance 
when you are physically taking things and testing them. 
1:12 Said yes, by taking birds and keeping them and feeding them and see…… (1:2099 
[1:2257]) - D 1: L1 
Said yes, by taking birds and keeping them and feeding them and see how different they are, 
or research about different types of birds and how they diffe 
1:13 I agreed with the one that said Yes, because if you start an investi…… (2:203 [2:508]) - 
D 1: L1 
I agreed with the one that said Yes, because if you start an investigation with a scientific 
question it shows that you are doing a scientific research, and scientific research usually have 
scientific headings. You have to start with a question and create questions to do your 
investigation. 
1:14 Yes, because you have to follow questions that you asked or create q…… (2:584 [2:694]) 
- D 1: L1 
Yes, because you have to follow questions that you asked or create questions to start the 
investigation. 
2:1 investigation is not scientific as all what the person is observing…… (1:694 [1:830]) - D 
2: L2 
investigation is not scientific as all what the person is observing here are based on nature’s way 
he cannot do anything about it. 
2:2 investigation things that actually have evidence like fossils, becau…… (1:907 [1:1038]) - 
D 2: L2 
investigation things that actually have evidence like fossils, because in this case a theory is 
actually followed by evidence. 
2:3, this is not an experiment as there is no control of variables. (1:1151 [1:1218]) - D 2: L2 
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, this is not an experiment as there is no control of variables. 
2:4 Yes I think it is possible that different methods. For example testin…… (1:1588 [1:1746]) 
- D 2: L2 
Yes I think it is possible that different methods. 
For example testing for starch iodine is used and another method can be still used to test for 
starch. 
2:5 Agrees with the student that said no because a scientific investigat…… (2:207 [2:317]) - 
D 2: L2 
Agrees with the student that said no because a scientific investigation should be done in a 
scientific way 
2:6 scientific way i (2:303 [2:318]) - D 2: L2 
scientific way i 
2:7 Actually it should start with a hypothesis and not necessarily a que…… (2:505 [2:582]) - 
D 2: L2 
Actually it should start with a hypothesis and not necessarily a question. 
2:8 should start with a hypothesis (2:517 [2:549]) - D 2: L2 
should start with a hypothesis 
2:9 Yes, because they are using the same methods and procedures, so if e…… (2:771 [2:900]) 
- D 2: L2 
Yes, because they are using the same methods and procedures, so if everything is controlled 
then the results will be the same. 
2:10 same methods and procedures, so if everything is controlled then t…… (2:802 [2:900]) - 
D 2: L2 
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same methods and procedures, so if everything is controlled then the results will be the same. 
2:11 order for someone to start an investigation they will have a visua…… (2:1046 [2:1178]) 
- D 2: L2 
order for someone to start an investigation they will have a visualisation of what could be 
expected. I think that creativity 
2:12 are asking the same question but using different procedures, the a…… (2:1484 [2:1577]) 
- D 2: L2 
are asking the same question but using different procedures, the answer will be different. 
2:13 Yeah, they are different, though they go hand in hand. I don’t think…… (3:115 [3:235]) 
- D 2: L2 
Yeah, they are different, though they go hand in hand. I don’t think that you could have any 
evidence without data. 
2:14 evidence involves people going out to look for it. (3:1 [3:53]) - D 2: L2 
evidence involves people going out to look for it. 
2:15 eam A’s method is better because they used the different tyre brand…… (3:695 [3:867]) 
- D 2: L2 
eam A’s method is better because they used the different tyre brand on the same road to 
establish which brand was stronger. Team B’s procedure was entirely irrelevant. 
2:16 because the growth of the plant is unrelated to the sunlight. Plants…… (3:1316 [3:1417]) 
- D 2: L2 
because the growth of the plant is unrelated to the sunlight. Plants grow taller with less sunligh 
2:17 Plants grow taller with less sunlight (3:1380 [3:1418]) - D 2: L2 
Plants grow taller with less sunlight 
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2:18 ooking at figure one and considering competition figure one still ha…… (4:171 [4:292]) 
- D 2: L2 
ooking at figure one and considering competition figure one still has shorter hands. 
Also fig 1 is stable and upright. 
2:19 oking at figure one and considering competition figure one still has…… (4:172 [4:294]) 
- D 2: L2 
oking at figure one and considering competition figure one still has shorter hands. 
Also fig 1 is stable and upright. 
2:20 Agrees with the student that said no because a scientific investigat…… (2:206 [2:396]) - 
D 2: L2 
Agrees with the student that said no because a scientific investigation should be done in a 
scientific way in order for them to be for ne to come to a conclusion which they can explain 
2:21 No I don’t think so. Actually it should start with a hypothesis and…… (2:483 [2:582]) - 
D 2: L2 
No I don’t think so. Actually it should start with a hypothesis and not necessarily a question. 
3:1 Yes it is an experiment because of the relationship between birds’ b…… (1:1079 [1:1184]) 
- D 3: L3 
Yes it is an experiment because of the relationship between birds’ beaks and the kind of food 
they eat 
3:2 an experiment you have to do it practically using your hands. Invest…… (1:1284 [1:1388]) 
- D 3: L3 
an experiment you have to do it practically using your hands. Investigation is just looking at 
things 
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3:3 I agree with the student who says yes, I think the investigation should…… (2:351 [2:486]) 
- D 3: L3 
I agree with the student who says yes, I think the investigation should start with a question that 
describes what you are looking for. 
3:4 start with a question that describes what you are looking for (2:421 [2:483]) - D 3: L3 
start with a question that describes what you are looking for 
3:5 believe that these variations in the birds are due to natural select…… (1:694 [1:810]) - D 
3: L3 
believe that these variations in the birds are due to natural selection. Hence the investigation is 
scientific. 
3:6 Experiments, practical. Example can be practical in electricity to s…… (1:873 [1:967]) - 
D 3: L3 
Experiments, practical. Example can be practical in electricity to see the current flowing. 
3:7 he plant investigation to check whether a plant can grow towards lig…… (2:8 [2:140]) - D 
3: L3 
he plant investigation to check whether a plant can grow towards light, but I can’t really think 
of an investigation right now. 
3:8 won’t necessarily come to the same conclusion especially if we are d…… (2:681 [2:850]) 
- D 3: L3 
won’t necessarily come to the same conclusion especially if we are doing the experiment 
separately. You will see things your own way and I will see it my own way. 
3:9 not come to the same conclusion because the data that they collect w…… (2:1246 [2:1334]) 
- D 3: L3 
not come to the same conclusion because the data that they collect won’t be the same 
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3:10 Data is what you collect and if you collect it you have to analyse i…… (2:1499 [2:1682]) 
- D 3: L3 
Data is what you collect and if you collect it you have to analyse it to get evidence. So I believe 
that the two are different because if you do not analyse data, it is useless. 
3:11 A is better because they used different types of tyres and not diffe…… (3:263 [3:355]) - 
D 3: L3 
A is better because they used different types of tyres and not different kinds of roads. 
3:12 agree with A, because plants need more sunlight to grow. But now for…… (3:826 [3:976]) 
- D 3: L3 
agree with A, because plants need more sunlight to grow. But now for the given data I feel the 
growth of plants is unrelated to sunlight. So C. 
3:13 legs which are on the upright posture. (3:1336 [3:1378]) - D 3: L3 
legs which are on the upright posture. 
3:14 really don’t have any idea. (3:1518 [3:1548]) - D 3: L3 
really don’t have any idea. 
3:15 think collected data and experiments can help (4:5 [4:51]) - D 3: L3 
think collected data and experiments can help 
3:16 I didn’t understand some questions like question one and six, while…… (4:145 [4:297]) 
- D 3: L3 
I didn’t understand some questions like question one and six, while I was doing the 
questionnaire as compared to now that you read it out to me. 
3:17 most of the practical task that we do here at school. I also do thin…… (4:360 [4:548]) - 
D 3: L3 
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most of the practical task that we do here at school. I also do think that the task are enough to 
inform us about scientific inquiry. I do also watch some science programs on TV too 
3:18 I agree with the student who says yes, I think the investigation sho…… (2:346 [2:486]) - 
D 3: L3 
I agree with the student who says yes, I think the investigation should start with a question that 
describes what you are looking for. 
4:1 e person saw the birds’ beaks and wondered if the types of food they…… (1:1365 [1:1558]) 
- D 4: L4 
e person saw the birds’ beaks and wondered if the types of food they eat affects the shape of 
their beaks, he looked at the shape of the beaks and the types of food to reach a conclusion 
4:2 experiment is when you go out and observe something so you can answe…… (1:1606 
[1:1729]) - D 4: L4 
experiment is when you go out and observe something so you can answer your question. Or 
you try to find out something. 
4:3 es, so that you can find different results and see which one is corr…… (2:90 [2:301]) - D 
4: L4 
es, so that you can find different results and see which one is correct. And sometimes if you 
can follow different methods maybe you can find different things, which will help you to find 
the right thing. 
4:4 o, your results determine your conclusion, so even if you have the s…… (2:1588 [2:1711]) 
- D 4: L4 
o, your results determine your conclusion, so even if you have the same results your conclusion 
will not be the same. 
4:5 B that plans grow taller with less sunlight, the less the minutes of…… (3:1359 [3:1466]) - 
D 4: L4 
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B that plans grow taller with less sunlight, the less the minutes of sunlight, the more the plant 
grows. 
4:6 Because it is tall, the tall big legs are at the back to balance and…… (4:68 [4:193]) - D 4: 
L4 
Because it is tall, the tall big legs are at the back to balance and the small ones in the front are 
the dinosaurs’ hands. 
4:7 hey use data, observing and experiment. (4:335 [4:375]) - D 4: L4 
hey use data, observing and experiment. 
4:8 I did not understand some of the questions but now that you have bro…… (4:485 [4:587]) 
- D 4: L4 
I did not understand some of the questions but now that you have broken then down I have 
understoo 
4:9 content we learn in class in Life Sciences and Physical Sciences are…… (4:661 [4:887]) - 
D 4: L4 
content we learn in class in Life Sciences and Physical Sciences are not really enough because 
I believe that we should be given the opportunity to go out there and explore in order to gain 
more knowledge about science. 
4:10 evidence is dependent on data. (4:1157 [4:1186]) - D 4: L4 
evidence is dependent on data. 
4:11 No because this person did not use any scientific inquiry, he did no…… (1:691 [1:858]) 
- D 4: L4 
No because this person did not use any scientific inquiry, he did not have to go mix any 
chemicals in the lab and did not do anything that has to do with science. 
4:12 scientific investigation must involve something to do with chemicals…… (1:1060 
[1:1248]) - D 4: L4 
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scientific investigation must involve something to do with chemicals and observation or 
something like that. But seeing some which exist naturally you cannot say it is scientific. 
4:13 said yes, because if you do not begin your scientific investigation…… (2:707 [2:950]) - 
D 4: L4 
said yes, because if you do not begin your scientific investigation with a scientific question, 
you will sometimes forget the aim and know what you are looking for of the scientific 
investigation and end up not doing the right thing. 
4:14 No, because they are different scientists which have different think…… (2:1210 [2:1399]) 
- D 4: L4 
No, because they are different scientists which have different thinking so they cannot reach the 
same conclusion. We don’t see things the same, so conclusions are not usually the same. 
4:15 have different thinking (2:1260 [2:1283]) - D 4: L4 
have different thinking 
4:16 Data is evidence of whatever you have recorded after collection, you…… (3:3 [3:121]) - 
D 4: L4 
Data is evidence of whatever you have recorded after collection, you cannot have evidence if 
you don’t have data. 
4:17 Team A, because they used different tyres on one road, which means…… (3:686 [3:889]) 
- D 4: L4 
Team A, because they used different tyres on one road, which means if the tyre gets flat the 
error is on the brand and not the road. As opposed to team B that used one brand on different 
roads. 
4:18 Agrees with the one that said yes, because if you do not begin your…… (2:682 [2:1020]) 
- D 4: L4 
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Agrees with the one that said yes, because if you do not begin your scientific investigation with 
a scientific question, you will sometimes forget the aim and know what you are looking for of 
the scientific investigation and end up not doing the right thing. If you have a question it is easy 
not to forget and always focus. 
5:1 I should have said no, because this investigation was just something…… (1:699 [1:968]) - 
D 5: L5 
I should have said no, because this investigation was just something that was done through 
observation, it was not done in the laboratory where they actually studied the characteristics of 
the basic beaks at one time and they did not actually find out more. 
5:2 feel that everything that is science should be done in a lab. (1:1032 [1:1097]) - D 5: L5 
feel that everything that is science should be done in a lab. 
5:4 this is not an experiment as it wasn’t actually proven scientificall…… (1:1210 [1:1337]) - 
D 5: L5 
this is not an experiment as it wasn’t actually proven scientifically. It was just based on an 
observation and assumption. 
5:5 yes because I think you can use two different methods which can stil…… (1:1433 [1:1541]) 
- D 5: L5 
yes because I think you can use two different methods which can still bring you to the same 
conclusion. 
5:6 electricity we use several methods to check for the electromagnetic…… (1:1668 [1:1793]) 
- D 5: L5 
electricity we use several methods to check for the electromagnetic field and charges. 
Either a comb, ruler or a balloon. 
5:7 I believe that there should be a question before everything when d…… (2:245 [2:385]) - D 
5: L5 
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I believe that there should be a question before everything when doing a scientific investigation 
to guide what you are investigating. 
5:8 When you use the same procedure to collect data, it is actually a wa…… (2:577 [2:734]) - 
D 5: L5 
When you use the same procedure to collect data, it is actually a way of making the experiment 
very reliable. So yes the conclusions will be the same. 
5:9 No they will not come to the same conclusion because the procedure i…… (2:920 [2:1082]) 
- D 5: L5 
No they will not come to the same conclusion because the procedure is different, we will collect 
different data and the conclusions will also be different. 
5:10. I mean you cannot say that you have evidence when you don’t have…… (2:1255 
[2:1329]) - D 5: L5 
. I mean you cannot say that you have evidence when you don’t have data 
5:11 Data and evidence are not really the same because I feel that evid…… (2:1332 [2:1466]) 
- D 5: L5 
Data and evidence are not really the same because I feel that evidence is resourceful while data 
on its own cannot be of any help 
5:12 Team A is better because they used different types of tyres on one r…… (3:69 [3:270]) - 
D 5: L5 
Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable. 
5:13 B, because as shown on the table the less minutes the plant has unde…… (3:751 [3:894]) 
- D 5: L5 
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B, because as shown on the table the less minutes the plant has under sunlight the taller and 
bigger it grows as shown on the data table. 
5:14 They are bigger and can carry the weight of the entire body. (3:1359 [3:1422]) - D 5: L5 
They are bigger and can carry the weight of the entire body. 
5:15 collect data, fossils and research and observation and some cultural…… (3:1565 [3:1645]) 
- D 5: L5 
collect data, fossils and research and observation and some cultural evidence. 
5:16 I misinterpreted some questions like question four, where you asked…… (4:91 [4:321]) - 
D 5: L5 
I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
5:17 practical activities that we do here at school. I also read books at…… (4:395 [4:517]) - D 
5: L5 
practical activities that we do here at school. I also read books at libraries and interview people 
and also on media. 
5:18 I agree with the student who says yes. I believe that there should b…… (2:206 [2:387]) - 
D 5: L5 
I agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
6:1 Everything that has some investigation and requires the collection o…… (1:691 [1:844]) - 
D 6: L6 
Everything that has some investigation and requires the collection of data is scientific for me. 
I draw this ideology from the evolution theories. 
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6:2 everything we see is science. We live in a world where everything es…… (1:927 [1:1052]) 
- D 6: L6 
everything we see is science. We live in a world where everything especially when it comes to 
biology and Life Sciences. 
6:3 other to collect data we need to search, we need to investigate to f…… (1:1164 [1:1288]) 
- D 6: L6 
other to collect data we need to search, we need to investigate to find the things we need that 
process is experiment. 
6:4 me I think experiments are not about chemicals only, we can see and…… (1:1334 [1:1493]) 
- D 6: L6 
me I think experiments are not about chemicals only, we can see and observe the things 
happening around us. I believe you can do an experiment anywhere. 
6:5 using different methods to be confident about their findings. (1:1745 [1:1807]) - D 6: L6 
using different methods to be confident about their findings. 
6:6 no because it all starts from what we see (i.e an observation). The…… (2:240 [2:478]) - D 
6: L6 
no because it all starts from what we see (i.e an observation). 
Then as we go deeper, that when we use scientific theories and all the things that are coming 
up. But when you see things you also can’t just say it’s scientific. 
6:7 Not really, it all start by just observing not everything is scienti…… (2:563 [2:648]) - D 6: 
L6 
Not really, it all start by just observing not everything is scientific initially. 
6:8 No, because every scientist has a different point of view. So this a…… (2:836 [2:996]) - D 
6: L6 
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No, because every scientist has a different point of view. So this also applies to the 
investigations they may always come up with different conclusions. 
6:9 They may come up with different answers. So there are possibilitie…… (2:1223 [2:1435]) 
- D 6: L6 
They may come up with different answers. So there are possibilities of that they can conclude 
the same but because of the different methods I don’t really think they would come to the same 
conclusions. 
6:10 me evidence and data are the same thing. This is because when scienti…… (2:1526 
[2:1671]) - D 6: L6 
me evidence and data are the same thing. 
This is because when scientist come with a theory they need to have evidence for it as well as 
dat 
6:11 Evidence must also be something you can see and data can include num…… (2:1675 
[3:60]) - D 6: L6 
Evidence must also be something you can see and data can include numbers, but 
since it is for the same purpose, I believe they the same. 
6:12 must be something we can see, which proofs things. (3:187 [3:240]) - D 6: L6 
must be something we can see, which proofs things. 
6:13 because they are testing the various types of tyres therefore the co…… (3:706 [3:981]) - 
D 6: L6 
because they are testing the various types of tyres therefore the conclusion can be more accurate 
and reliable unlike team B with only one type of tyres. I picked team A to be more accurate 
because they were using different types of tyres on the same road surface 
6:14 plants as we see in the table the lighter we have the less the plant…… (3:1430 [3:1563]) 
- D 6: L6 
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plants as we see in the table the lighter we have the less the plant grows. When the light become 
too much there was no growth. 
6:15 animal in figure one had strong lower leg bones to support the weigh…… (4:246 [4:422]) 
- D 6: L6 
animal in figure one had strong lower leg bones to support the weight of the animal and also 
great balance due to stronger leg bones. 
This helps the animal stay upright. 
6:16 theories, fossils used by palaeontologist and investigations. (4:580 [4:644]) - D 6: L6 
theories, fossils used by palaeontologist and investigations. 
6:17 Yes, with regards to data and evidence. I think there is a differenc…… (4:731 [4:804]) - 
D 6: L6 
Yes, with regards to data and evidence. I think there is a difference. 
6:18 curriculum is the helpful in understanding of scientific inquiry. Bu…… (4:890 [4:1158]) 
- D 6: L6 
curriculum is the helpful in understanding of scientific inquiry. But we lack the resources to do 
many experiments. This also affects us a lot. I believe when you see things you can’t forget 
them, but when you only hear you don’t get complete understanding. 
6:19 really love science so I google several experiments online and see h…… (4:1280 [4:1375]) 
- D 6: L6 
really love science so I google several experiments online and see how they are being done. 
6:20 Agrees with the student that said no because it all starts from what…… (2:206 [2:478]) - 
D 6: L6 
Agrees with the student that said no because it all starts from what we see (i.e an observation). 
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Then as we go deeper, that when we use scientific theories and all the things that are coming 
up. But when you see things you also can’t just say it’s scientific. 
6:21 Not really, it all start by just observing not everything is scienti…… (2:562 [2:648]) - D 
6: L6 
Not really, it all start by just observing not everything is scientific initially. 
7:1 yes, this person had a question, method and conclusion. He/she had g…… (1:691 [1:886]) 
- D 7: L7 
yes, this person had a question, method and conclusion. He/she had gone to find out more about 
the question. The person had an examinable question and could produce logical conclusions. 
7:2 fact that the person had a question and the question and that questi…… (1:942 [1:1138]) - 
D 7: L7 
fact that the person had a question and the question and that question is examinable and that 
logical results can be drawn from it, then it can be considered as a scientific investigation. 
7:3 would depend on how the person collected the data. With an investiga…… (1:1242 
[1:1421]) - D 7: L7 
would depend on how the person collected the data. With an investigation, you have to do 
something physically to collect data, writing down results etc.it has to be hands on. 
7:4 An experiment has to be hands on, that is you carrying out a method…… (1:1465 [1:1587]) 
- D 7: L7 
An experiment has to be hands on, that is you carrying out a method and getting results as to 
opposed to doing research 
7:5 there’s more than one way to get an answer, but the more methods you…… (2:92 [2:265]) 
- D 7: L7 
there’s more than one way to get an answer, but the more methods you do the more varied the 
experiment outcomes will be. I don’t think there is a fixed method though. 
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7:6 Yes, you will get the same answer because science is straightforward…… (2:933 [2:1003]) 
- D 7: L7 
Yes, you will get the same answer because science is straightforward. 
7:7 a certain extent even though that too is limited. I think not so muc…… (2:1208 [2:1460]) 
- D 7: L7 
a certain extent even though that too is limited. I think not so much of imagination rather more 
creativity, but you can’t think too far out of the box. You can’t change too much otherwise you 
will not get the results you are supposed to get. 
7:8 could go both ways and I think it depends on how far you change yo…… (2:1804 [2:1885]) 
- D 7: L7 
could go both ways and I think it depends on how far you change your procedur 
7:9 data to a certain extend can be biased and come from people’s opinio…… (3:88 [3:242]) - 
D 7: L7 
data to a certain extend can be biased and come from people’s opinions and beliefs while 
evidence is something you can obtain from doing something. 
7:10 think in science the important thing is to answer the scientific que…… (3:943 [3:1168]) - 
D 7: L7 
think in science the important thing is to answer the scientific question. The question here was 
referring to brands of tyres. Hence team A followed the procedure that would be more helpful 
in answering the question. 
7:11 procedure that would be more helpful in answering the question. (3:1102 [3:1167]) - D 7: 
L7 
procedure that would be more helpful in answering the question. 
7:12 I looked at the data table given and I agree with B, which says plan…… (3:1498 [3:1732]) 
- D 7: L7 
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I looked at the data table given and I agree with B, which says plans grow better with sunlight 
because as the minutes of lights increase each day, growth show a general decrease therefore 
plans grow taller with less sunlight. 
7:13 Hind legs which are stronger need to be at the back supporting the b…… (4:309 [4:588]) 
- D 7: L7 
Hind legs which are stronger need to be at the back supporting the body and the tail, the smaller 
legs need to be free to use for daily activities such as reaching. I would further say that they 
would have looked at other animals around to see how they are structured. 
7:14 considering the environment the animal was in would help to determin…… (4:683 
[4:907]) - D 7: L7 
considering the environment the animal was in would help to determine certain parts of the 
body, what certain parts of the body are used for, comparing the animal’s fossils to modern 
skeletons and finding similariti 
7:15 Generally the opportunities that we are given to learn about scien…… (4:1080 [4:1283]) 
- D 7: L7 
Generally the opportunities that we are given to learn about scientific inquiry are so little. We 
also lack the resources and the incentives that can propel us to learn about scientific inquiry. 
7:16 hrough the content in class such as through assignments. Outside of…… (4:1399 
[4:1616]) - D 7: L7 
hrough the content in class such as through assignments. Outside of class we do not really have 
scenarios in which we will be doing any scientific inquiry except in the case of an assignment 
still from school. 
8:1 response to yes because he experimented all kinds of beaks to see th…… (1:709 [1:962]) - 
D 8: L8 
response to yes because he experimented all kinds of beaks to see the relationship that the beaks 
have with the kind of food that birds eat. Then he concluded that there is a relationship between 
the beak shape and the type of food they eat. 
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8:2 because I did not understand the question initially, Now I have more…… (1:1043 [1:1121]) 
- D 8: L8 
because I did not understand the question initially, Now I have more clarity 
8:3 think yes, it’s an experiment but he never repeated the experiment t…… (1:1235 [1:1403]) 
- D 8: L8 
think yes, it’s an experiment but he never repeated the experiment to see if it’s true. Or whether 
birds with different types of beaks eat different types of food 
8:4 hink you can use electrodynamics to measure current flow in a circui…… (2:269 [2:394]) 
- D 8: L8 
hink you can use electrodynamics to measure current flow in a circuit and also use the left hand 
rule to do the same thing 
8:5 student who says yes. When you begin an experiment with a question,…… (2:621 [2:901]) 
- D 8: L8 
student who says yes. When you begin an experiment with a question, you will have clarity on 
what you are doing and what you are investigating. So if you answer the question, is seems that 
you understand the experiment and what you have to do to get to the conclusion. 
8:6 When you do the same experiment you can be in a different environmen…… (2:1092 
[2:1310]) - D 8: L8 
When you do the same experiment you can be in a different environment so when you get 
results, they may be different due to temperatures and if you repeated the experiment, so your 
results wouldn’t be the same 
8:7 reativity makes you push harder and to prove that the laws of ancien…… (2:1445 [2:1689]) 
- D 8: L8 
reativity makes you push harder and to prove that the laws of ancient scientist were correct. So 
it gives you the opportunity to learn more and work harder. Imagination can help you to invent 
your own laws of how things work in science 
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8:8 Data is what you collect during the experiment and evidence is what…… (3:270 [3:446]) 
- D 8: L8 
Data is what you collect during the experiment and evidence is what you have concluded during 
the experiment. The conclusion should be drawn from the data you collected. 
8:9 Team A is better because they used different types of tyres and not…… (3:905 [3:1000]) - 
D 8: L8 
Team A is better because they used different types of tyres and not different kinds of roads. 
8:10 B because as shown on the table the less minutes the plant has under…… (3:1470 
[3:1573]) - D 8: L8 
B because as shown on the table the less minutes the plant has under sunlight the taller it grows. 
8:11 agree with the student who says yes. When you begin an experiment wi…… (2:605 
[2:902]) - D 8: L8 
agree with the student who says yes. When you begin an experiment with a question, you will 
have clarity on what you are doing and what you are investigating. So if you answer the 
question, is seems that you understand the experiment and what you have to do to get to the 
conclusion. 
9:1 the question requires a person to research deeper in order to find r…… (1:696 [1:909]) - D 
9: L9 
the question requires a person to research deeper in order to find real facts plus it is related to 
biology of living organisms, and biology is science so the question can be considered to be 
scientific. 
9:2 related to biology of living organisms, and biology is science so th…… (1:790 [1:860]) - 
D 9: L9 
related to biology of living organisms, and biology is science so the 
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9:3 visual clues, things that you can actually show people to see what…… (1:1017 [1:1169]) - 
D 9: L9 
visual clues, things that you can actually show people to see what you are talking about, so that 
they don’t have any doubts. 
R (b). Do you consid 
9:4 o find out about an answer does not require an aim, method or a hypo…… (1:1256 
[1:1333]) - D 9: L9 
o find out about an answer does not require an aim, method or a hypothesis. 
9:5 don’t think there is much difference. There’s some concepts that diff…… (1:1446 [1:1579]) 
- D 9: L9 
don’t think there is much difference. 
There’s some concepts that differs with them but it does not make them completely different 
9:6 I think experiments are all about finding proof to be able to explain …… (1:1806 [1:1898]) 
- D 9: L9 
I think experiments are all about finding proof to be able to explain what you are talking 
9:7 I think a question is a starting point where you can start looking f…… (2:383 [2:552]) - D 
9: L9 
I think a question is a starting point where you can start looking for your fact and how you can 
answer your question. So I agrees with the student that said Yes. 
9:8 Firstly did not interpret the question properly and then also during…… (2:589 [2:772]) - D 
9: L9 
Firstly did not interpret the question properly and then also during term two we engaged in 
more complex practical tasks, so I came to understand more about how these things work 
9:9 during term two we engaged in more complex practical tasks, (2:652 [2:713]) - D 9: L9 
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during term two we engaged in more complex practical tasks, 
9:10 For example if it is an experiment that requires measurements or t…… (2:1078 [2:1353]) 
- D 9: L9 
For example if it is an experiment that requires measurements or things like that, some person 
can end up with different amounts, which is out of the acceptable range and would completely 
change the conclusion. The experiments will consists of procedural mistakes 
9:11 The experiments will consists of procedural mistakes. (2:1300 [2:1355]) - D 9: L9 
The experiments will consists of procedural mistakes. 
9:12 would be any problem. They will end up with the same conclusion (2:1445 [2:1509]) - D 
9: L9 
would be any problem. 
They will end up with the same conclusion 
9:13 They could, because they are answering the same question and probabl…… (2:1698 
[2:1815]) - D 9: L9 
They could, because they are answering the same question and probably aiming for the right 
answer to the question. 
9:14 No because men already found science and it is just evolving to beco…… (3:11 [3:109]) 
- D 9: L9 
No because men already found science and it is just evolving to become the big thing it is now. 
9:15 No, because they both are information to conclude a certain topic. D…… (3:191 [3:419]) 
- D 9: L9 
No, because they both are information to conclude a certain topic. Data is collecting 
information from e.g. Surveys that can help you come to a conclusion, and evidence is finding 
the proof. It could be on a death body, … 
230 
9:16 Team A, because they tested different types of tyres on one road sur…… (3:880 [3:954]) 
- D 9: L9 
Team A, because they tested different types of tyres on one road surface. 
9:17 ) because plants grow more with sunlight because of photosynthesis,…… (3:1304 
[3:1475]) - D 9: L9 
) because plants grow more with sunlight because of photosynthesis, which can boost the 
growth of the plants. And some plants only grow with the help of the sunlight. 
9:18 chose a) because plants grow more with sunlight because of photosynt…… (3:1296 
[3:1475]) - D 9: L9 
chose a) because plants grow more with sunlight because of photosynthesis, which can boost 
the growth of the plants. And some plants only grow with the help of the sunlight. 
9:19 Figure 1 looks more proportionate, bones are greatly structured. Fig…… (4:334 [4:573]) 
- D 9: L9 
Figure 1 looks more proportionate, bones are greatly structured. Figure 2, the bones are not 
structured properly and the animals does not have a greater chance to survive because the legs 
will not be able to support the whole body. 
9:20 Scientists would usually use fossils from the animals and would usua…… (4:714 [4:864]) 
- D 9: L9 
Scientists would usually use fossils from the animals and would usually look for evidence from 
the environment where the animals lived in. 
R Hav 
9:21 Yes, because before the interview I did not have knowledge of the to…… (4:947 [4:1129]) 
- D 9: L9 
Yes, because before the interview I did not have knowledge of the topic and questions. But 
now I was able to think further and look at more possibilities than that one answer. 
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9:22 think further and look at more possibilities than that one answer. (4:1059 [4:1127]) - D 9: 
L9 
think further and look at more possibilities than that one answer. 
9:23 through the curriculum from school. I also have my own knowledge sin…… (4:1250 
[4:1425]) - D 9: L9 
through the curriculum from school. I also have my own knowledge since science is interesting 
to me. I am interested in forensics so I usually watch some documentaries. 
9:24 I am interested in forensics so I usually watch some documentaries. (4:1355 [4:1425]) - 
D 9: L9 
I am interested in forensics so I usually watch some documentaries. 
9:25 hink they really do because the syllables is really detail and allow…… (4:1523 [4:1632]) 
- D 9: L9 
hink they really do because the syllables is really detail and allow us to go through each topic 
with care 
9:26 I think I will change my answer on this question. I think a question…… (2:330 [2:551]) - 
D 9: L9 
I think I will change my answer on this question. 
I think a question is a starting point where you can start looking for your fact and how you can 
answer your question. So I agrees with the student that said Yes. 
10:1 this person’s investigation is scientific because it involves a coll…… (1:700 [1:832]) - D 
10: L10 
this person’s investigation is scientific because it involves a collection of data specific to 
organisms found in one environment 
10:2 A relationship between birds and types of beaks being explored ind…… (1:835 [1:956]) 
- D 10: L10 
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A relationship between birds and types of beaks being explored indirectly relates to adaptations 
in Life Sciences. 
10:3 Any type of research that is conducted formally, deals with the envi…… (1:1003 
[1:1250]) - D 10: L10 
Any type of research that is conducted formally, deals with the environment or any chemicals 
or whatever you see that may have a relationship. How do I explain this? I mean any 
relationship that you see which exist in nature is scientific 
10:4 No I have changed my position on my previous response, this may not…… (1:1354 
[1:1555]) - D 10: L10 
No I have changed my position on my previous response, this may not be an investigation, 
because usually experiments have to do with doing something practical, hands on and doing it 
on your own. 
10:5 experiments have to do with doing something practical, hands on and…… (1:1463 
[1:1556]) - D 10: L10 
experiments have to do with doing something practical, hands on and doing it on your own. 
10:6 ur school we do one research task, so I feel like research goes hand…… (2:521 [2:1073]) 
- D 10: L10 
ur school we do one research task, so I feel like research goes hand in hand with investigating 
something. Whether it correlates or not. So in one way there can be sort of a purely secondary 
investigation where you take information from other sources and you built on that from what 
you see or have learnt previously or there can be like a primary route to follow where you do 
it physically with your own hands, in front of you in a lab and not what somebody else has 
already performed. So no there is no single scientific method. 
10:7 You need to have a curiosity and want to know the why or the how and…… (2:1282 
[2:1457]) - D 10: L10 
You need to have a curiosity and want to know the why or the how and have something to 
answer, so the only way you can have something to answer is if you have a question. 
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10:8 No, scientific investigations and our analysis of results are object…… (2:1639 [2:1883]) 
- D 10: L10 
No, scientific investigations and our analysis of results are objective. The way people interpret 
the results or see thing is different. Just like in evolution some scientist have interpreted the 
evolution of Lucy in one or the other way 
10:9 The way people interpret the results or see thing is different. (2:1714 [2:1779]) - D 10: 
L10 
The way people interpret the results or see thing is different. 
10:10 Course no if they follow different procedures, something that happen…… (3:246 
[3:521]) - D 10: L10 
Course no if they follow different procedures, something that happened in the one procedure 
wouldn’t have happened in the other one, something extra would have been added and that 
would have caused an in balance in the results, or interpretation of the results. 
10:11 Evidence is what backs up your data. You extract evidence form data.…… (3:752 
[3:935]) - D 10: L10 
Evidence is what backs up your data. You extract evidence form data. Data is not evidence. I 
think they do have a relationship in that there can’t be any evidence without data. 
10:12 n experiment you get data and those are just your results whereas ev…… (3:610 [3:935]) 
- D 10: L10 
n experiment you get data and those are just your results whereas evidence is something that is 
there, it exist, no-one can dispute it. 
Evidence is what backs up your data. You extract evidence form data. Data is not evidence. I 
think they do have a relationship in that there can’t be any evidence without data. 
10:13 So the question was, are certain brands of tire more likely to get f…… (3:1394 [3:1732]) 
- D 10: L10 
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So the question was, are certain brands of tire more likely to get flat? So the dependent variable 
in this case must be the brand of tyre, you have to use the same kind of road surface to test the 
brands, you can’t change the road surface because then, you will be testing the road. Hence 
team A followed the right procedure 
10:14 agree with B, there is a decreasing trend in the growth of the plant…… (4:252 [4:491]) 
- D 10: L10 
agree with B, there is a decreasing trend in the growth of the plant with the increasing minutes 
of light each day. So there is an inverse relationship between the minute the plant spent in the 
sunlight and the growth of the plant 
10:15 figure one has a normal structure, short arms and long legs just lik…… (4:845 [4:1201]) 
- D 10: L10 
figure one has a normal structure, short arms and long legs just like we see them in the movies, 
also fossils that we’ve seen around the world show that dinosaurs have short arms and long 
legs to support their weight and that is also what they teach us. So if they had to survive they 
had to have strong enough legs to support their bodies. 
10:16 Fossil evidence, the area in which they are found, comparison of typ…… (4:1340 
[4:1502]) - D 10: L10 
Fossil evidence, the area in which they are found, comparison of types of animal structures to 
acknowledge the adaptation of the animal in the environment. 
10:17 No, nothing much has happened since completing the questionnaire. Bu…… (4:1590 
[4:1789]) - D 10: L10 
No, nothing much has happened since completing the questionnaire. But I think as I was doing 
my research project, I kind of understood what scientific inquiry was, but my views were not 
change 
10:18 Yes, all my scientific encounters are done in the classroom. (5:115 [5:178]) - D 10: L10 
Yes, all my scientific encounters are done in the classroom. 
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10:19 You need to have a curiosity and want to know the why or the how and…… (2:1282 
[2:1458]) - D 10: L10 
You need to have a curiosity and want to know the why or the how and have something to 
answer, so the only way you can have something to answer is if you have a question. 
11:1 should have said no, because this investigation was just something t…… (1:701 [1:968]) 
- D 11: L11 
should have said no, because this investigation was just something that was done through 
observation, it was not done in the laboratory where they actually studied the characteristics of 
the basic beaks at one time and they did not actually find out more. 
11:2 it was not done in the laboratory where they actually studied the…… (1:807 [1:911]) - D 
11: L11 
it was not done in the laboratory where they actually studied the characteristics of the basic 
beaks 
11:3 feel that everything that is science should be done in a lab. (1:1033 [1:1097]) - D 11: L11 
feel that everything that is science should be done in a lab. 
11:4 No this is not an experiment as it wasn’t actually proven scientific…… (1:1206 [1:1337]) 
- D 11: L11 
No this is not an experiment as it wasn’t actually proven scientifically. It was just based on an 
observation and assumption. 
11:5 said yes because I think you can use two different methods which can…… (1:1428 
[1:1541]) - D 11: L11 
said yes because I think you can use two different methods which can still bring you to the 
same conclusion. 
11:6 agree with the student who says yes. I believe that there should be…… (2:209 [2:387]) - 
D 11: L11 
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agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
11:7 scientific investigation to guide what you are investigating. (2:323 [2:387]) - D 11: L11 
scientific investigation to guide what you are investigating. 
11:8 you use the same procedure to collect data, it is actually a way of…… (2:582 [2:734]) - 
D 11: L11 
you use the same procedure to collect data, it is actually a way of making the experiment very 
reliable. So yes the conclusions will be the same. 
11:9 No they will not come to the same conclusion because the procedure i…… (2:919 
[2:1082]) - D 11: L11 
No they will not come to the same conclusion because the procedure is different, we will collect 
different data and the conclusions will also be different. 
11:10 Data is collected information about something while evidence is the…… (2:1164 
[2:1469]) - D 11: L11 
Data is collected information about something while evidence is the prove that data exist. I 
mean you cannot say that you have evidence when you don’t have data. Data and evidence are 
not really the same because I feel that evidence is resourceful while data on its own cannot be 
of any help.  
11:12 Team A is better because they used different types of tyres on one r…… (3:69 [3:270]) 
- D 11: L11 
Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable. 
11:13 Team A is better because they used different types of tyres on one r…… (3:69 [3:283]) 
- D 11: L11 
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Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable. 
R 6. The data 
11:14 I agree with B, because as shown on the table the less minutes the p…… (3:738 [3:896]) 
- D 11: L11 
I agree with B, because as shown on the table the less minutes the plant has under sunlight the 
taller and bigger it grows as shown on the data table. 
11:15 agree with B, because as shown on the table the less minutes the pla…… (3:740 [3:894]) 
- D 11: L11 
agree with B, because as shown on the table the less minutes the plant has under sunlight the 
taller and bigger it grows as shown on the data table. 
11:16 Looking at both figure 1 and 2, the legs are better positioned in fi…… (3:1244 [3:1419]) 
- D 11: L11 
Looking at both figure 1 and 2, the legs are better positioned in figure 1. They are realistically 
positioned. They are bigger and can carry the weight of the entire body 
11:17 They collect data, fossils and research and observation and some cul…… (3:1561 
[3:1645]) - D 11: L11 
They collect data, fossils and research and observation and some cultural evidence. 
11:18 I misinterpreted some questions like question four, where you asked…… (4:92 [4:319]) 
- D 11: L11 
I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
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11:19 From most of the practical activities that we do here at school. I a…… (4:378 [4:519]) - 
D 11: L11 
From most of the practical activities that we do here at school. I also read books at libraries and 
interview people and also on media. 
11:20 Just a few as resources are limited. (4:595 [4:630]) - D 11: L11 
Just a few as resources are limited. 
12:1 Yes I consider the person’s investigation to be scientific because i…… (1:687 [1:962]) - 
D 12: L12 
Yes I consider the person’s investigation to be scientific because it shows the characteristics of 
scientific investigation and the question imposed relates to evolution. The person has an aim 
method and conclusion, which are relevant for a scientific investigation. 
12:2 the question imposed relates to evolution. The person has an aim m…… (1:819 [1:964]) 
- D 12: L12 
the question imposed relates to evolution. The person has an aim method and conclusion, which 
are relevant for a scientific investigation. 
12:3 Every scientific investigation should have a question to which by th…… (1:1057 
[1:1369]) - D 12: L12 
Every scientific investigation should have a question to which by the end of the investigation 
you need to have answered it. 
Another characteristic of a scientific investigation is that, you need to have an aim, a 
hypothesis, and a conclusion which will help you to accept or reject your hypothesis. 
12:4 do not consider it as an experiment as there are no fixed variables…… (1:1472 [1:1600]) 
- D 12: L12 
do not consider it as an experiment as there are no fixed variables mentioned and it isn’t done 
in a controlled environment. 
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12:5 In every experiment there needs to be an aspect that you control o…… (1:1602 [1:1771]) 
- D 12: L12 
In every experiment there needs to be an aspect that you control or keep fixed, by just collecting 
data on the outside there is no control over the environment. 
12:7 Yes, Like if you are doing an experiment in which you are testing fo…… (2:464 [2:689]) 
- D 12: L12 
Yes, Like if you are doing an experiment in which you are testing for starch you should be 
using iodine which will react with the starch, however another investigation maybe carried out 
which is not a lab based task. 
12:8 ays yes because there should be reason or aim to your investigatio…… (2:922 [2:1124]) 
- D 12: L12 
ays yes because there should be reason or aim to your investigation. Or why bother doing it? 
That is, if you don’t know what you are setting out to find, how do you know when you have 
found it. 
12:9 It is really important, because it is like a starting point. (2:1206 [2:1270]) - D 12: L12 
It is really important, because it is like a starting point. 
12:10 won’t necessarily get the same results as there are other factors in…… (2:1466 [2:1692]) 
- D 12: L12 
won’t necessarily get the same results as there are other factors involved that might affect the 
conclusion, things such as the weather, location and even era are sure to slightly and not 
drastically affect the results. 
12:11 do, if I am more creative than you are I might find different ways t…… (3:266 [3:569]) 
- D 12: L12 
do, if I am more creative than you are I might find different ways to come up with the same 
conclusion like you did. So even though we are not doing the same thing, we might arrive at 
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the same answer, which is why creativity plays a big role and it might even lead to a better way 
to doing it 
12:12 won’t come to the same conclusion because the procedures taken shoul…… (3:762 
[3:867]) - D 12: L12 
won’t come to the same conclusion because the procedures taken should influence the final 
conclusion. 
12:13 procedures taken should influence the final conclusion. (3:809 [3:866]) - D 12: L12 
procedures taken should influence the final conclusion. 
12:14 Evidence is data while data isn’t always evidence. If you have evide…… (3:1016 
[3:1220]) - D 12: L12 
Evidence is data while data isn’t always evidence. If you have evidence of something then you 
can prove that it exists. 
Data is the information that you gathered for a particular subject matter. 
12:15 Your evidence is data but your data is not always evidence. Meaning…… (3:1375 
[3:1597]) - D 12: L12 
Your evidence is data but your data is not always evidence. Meaning that when you collect 
evidence, it is part of what you’ve collected making it data. They are related in that you can 
draw evidence from the data. 
12:16 Team A procedure is better because it directly answers whether or no…… (4:158 
[4:556]) - D 12: L12 
Team A procedure is better because it directly answers whether or not one brand of tyres is 
better than the other on a specific surface, while team B simply tested which surface is best for 
a specific tyre brand. Since the aim of the investigation was to see which tyre brand is more 
likely to get a flat? I think team A’s procedure is more sound as it answers the question posed. 
241 
12:17 I think team A’s procedure is more sound as it answers the questio…… (4:476 [4:556]) 
- D 12: L12 
I think team A’s procedure is more sound as it answers the question posed. 
12:18 B, because the table shows that the plant that got the least sunligh…… (4:1025 [4:1163]) 
- D 12: L12 
B, because the table shows that the plant that got the least sunlight grew the most. And the one 
with the most sunlight grew the least 
12:19 Because the hind legs need to be longer and stronger for support, if…… (4:1498 
[4:1642]) - D 12: L12 
Because the hind legs need to be longer and stronger for support, if the legs were arranged like 
they were in figure 2 then it would be more 
12:20 Comparison to current existing animals along with fossil evidence sh…… (5:216 
[5:320]) - D 12: L12 
Comparison to current existing animals along with fossil evidence should validate their 
conclusion. 
12:21 We learn through the experiments and theory that we do in class most…… (5:477 
[5:551]) - D 12: L12 
We learn through the experiments and theory that we do in class mostly. 
12:22 A few. (5:626 [5:632]) - D 12: L12 
A few. 
12:23 Agrees with the one that says yes because there should be reason or…… (2:896 [2:1124]) 
- D 12: L12 
Agrees with the one that says yes because there should be reason or aim to your investigation. 
Or why bother doing it? That is, if you don’t know what you are setting out to find, how do 
you know when you have found it. 
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13:1 k I should have said no, because this investigation was just somethi…… (1:698 [1:968]) 
- D 13: L13 
k I should have said no, because this investigation was just something that was done through 
observation, it was not done in the laboratory where they actually studied the characteristics of 
the basic beaks at one time and they did not actually find out more. 
13:2 feel that everything that is science should be done in a lab. (1:1032 [1:1097]) - D 13: L13 
feel that everything that is science should be done in a lab. 
13:3 No this is not an experiment as it wasn’t actually proven scientific…… (1:1207 [1:1337]) 
- D 13: L13 
No this is not an experiment as it wasn’t actually proven scientifically. It was just based on an 
observation and assumption. 
13:4 yes because I think you can use two different methods which can stil…… (1:1432 
[1:1756]) - D 13: L13 
yes because I think you can use two different methods which can still bring you to the same 
conclusion. 
R Can you please describe two scientific investigations that will follow different methods, to 
explain this further? 
L In electricity we use several methods to check for the electromagnetic field and charges. 
13:5 agree with the student who says yes. I believe that there should be…… (2:209 [2:387]) - 
D 13: L13 
agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
13:6 When you use the same procedure to collect data, it is actually a wa…… (2:577 [2:733]) 
- D 13: L13 
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When you use the same procedure to collect data, it is actually a way of making the experiment 
very reliable. So yes the conclusions will be the same. 
13:7 So yes the conclusions will be the same. (2:691 [2:733]) - D 13: L13 
So yes the conclusions will be the same. 
13:8 No they will not come to the same conclusion because the procedure i…… (2:920 
[2:1079]) - D 13: L13 
No they will not come to the same conclusion because the procedure is different, we will collect 
different data and the conclusions will also be different 
13:9 Data is collected information about something while evidence is the…… (2:1163 
[2:1466]) - D 13: L13 
Data is collected information about something while evidence is the prove that data exist. I 
mean you cannot say that you have evidence when you don’t have data. Data and evidence are 
not really the same because I feel that evidence is resourceful while data on its own cannot be 
of any help 
13:10 Team A is better because they used different types of tyres on one r…… (3:69 [3:267]) 
- D 13: L13 
Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable 
13:11 I agree with B, because as shown on the table the less minutes the p…… (3:738 [3:894]) 
- D 13: L13 
I agree with B, because as shown on the table the less minutes the plant has under sunlight the 
taller and bigger it grows as shown on the data table. 
13:12 They are realistically positioned. They are bigger and can carry t…… (3:1321 [3:1462]) 
- D 13: L13 
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They are realistically positioned. They are bigger and can carry the weight of the entire body. 
R b. Thinking about your answer to the q 
13:13 hey collect data, fossils and research and observation and some cult…… (3:1562 
[3:1645]) - D 13: L13 
hey collect data, fossils and research and observation and some cultural evidence. 
13:14 Yes, I misinterpreted some questions like question four, where you a…… (4:87 [4:321]) 
- D 13: L13 
Yes, I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
13:15 rom most of the practical activities that we do here at school. I al…… (4:380 [4:517]) - 
D 13: L13 
rom most of the practical activities that we do here at school. I also read books at libraries and 
interview people and also on media. 
14:1 because he/she is getting information and taking samples to see whet…… (1:696 [1:859]) 
- D 14: L14 
because he/she is getting information and taking samples to see whether your hypothesis is 
true. That is if you collect like samples and take them to the lab. 
14:2 Doing experiments using chemicals, life sciences gathering evidence…… (1:934 
[1:1046]) - D 14: L14 
Doing experiments using chemicals, life sciences gathering evidence from different things and 
testing them. 
14:3 Yes, because getting information and taking samples to see whether y…… (1:1156 
[1:1328]) - D 14: L14 
Yes, because getting information and taking samples to see whether your hypothesis is true. 
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You need have an aim and the method you would use to prove your hypothesis. 
14:4 You need have an aim and the method you would use to prove your hypo…… (1:1251 
[1:1329]) - D 14: L14 
You need have an aim and the method you would use to prove your hypothesis. 
14:5 it to be a success, you need to have an aim for it and a method on h…… (1:1374 [1:1489]) 
- D 14: L14 
it to be a success, you need to have an aim for it and a method on how you’re going to prove 
your hypothesis. 
14:6 investigation is done to collect data and an experiment is done to p…… (1:1575 [1:1661]) 
- D 14: L14 
investigation is done to collect data and an experiment is done to prove something. 
14:7 Yes, in order to get accurate results different methods can be used. (2:53 [2:124]) - D 14: 
L14 
Yes, in order to get accurate results different methods can be used. 
14:8 with the student that said no because a scientific investigation sho…… (2:338 [2:627]) - 
D 14: L14 
with the student that said no because a scientific investigation should be done in a scientific 
way in order for them to be considered to be a scientific investigation. I think scientific 
investigations should have like an aim first before you continue with the investigation. 
14:9 I think scientific investigations should have like an aim first be…… (2:512 [2:625]) - D 
14: L14 
I think scientific investigations should have like an aim first before you continue with the 
investigation. 
14:10 Not really, but yes because you need to know what you’re investigati…… (2:712 
[2:786]) - D 14: L14 
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Not really, but yes because you need to know what you’re investigating. 
14:11 it depends on how that specific scientist wanted his results to be a…… (2:979 [2:1339]) 
- D 14: L14 
it depends on how that specific scientist wanted his results to be accurate so they won’t have 
the same conclusion because some scientists might do the repeat the experiment to make sure 
that the results are accurate. I believe that in order for a scientist to get accurate results they 
need to repeat the experiment without changing anything. 
14:12 Maybe I can change my response, there might be a possibility that th…… (2:1464 
[2:1579]) - D 14: L14 
Maybe I can change my response, there might be a possibility that the scientist can come to the 
same conclusion. 
14:13 No, because even if they are asking the same question but using diff…… (3:83 [3:202]) 
- D 14: L14 
No, because even if they are asking the same question but using different procedures, the 
answer will be different. 
14:14 Data is all that you collected to get your evidence. I am not really…… (3:291 [3:415]) - 
D 14: L14 
Data is all that you collected to get your evidence. I am not really sure what the difference is. 
R Well let me rephrase 
14:15 Evidence is the results of your data, I don’t really know. (3:555 [3:617]) - D 14: L14 
Evidence is the results of your data, I don’t really know. 
14:16 Team A, because they are testing the various types of tyres therefor…… (3:1077 
[3:1362]) - D 14: L14 
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Team A, because they are testing the various types of tyres therefore the conclusion can be 
more accurate and reliable unlike team B with only one type of tyres. I picked team A to be 
more accurate because they were using different types of tyres on the same road surface. 
14:17 B, plants grow taller with less sunlight, because according to the d…… (4:102 [4:285]) 
- D 14: L14 
B, plants grow taller with less sunlight, because according to the data where there is less light, 
there’s more growth. I came to this conclusion by looking at the data given. 
14:18 came to this conclusion by looking at the data given. (4:228 [4:283]) - D 14: L14 
came to this conclusion by looking at the data given. 
14:19 ecause they have hind legs which will enable them to stand up right.…… (4:675 [4:830]) 
- D 14: L14 
ecause they have hind legs which will enable them to stand up right. The leg bones of figure 
one are more, I don’t really know how to describe this. 
14:20 area where they were found can determine how the dinosaurs survived…… (4:972 
[4:1151]) - D 14: L14 
area where they were found can determine how the dinosaurs survived and the fossil evidence. 
The area where they were found can help scientist see how they were surviving. 
14:21 Yes, with regards to data and evidence. Even though I still don’t qu…… (4:1238 
[4:1334]) - D 14: L14 
Yes, with regards to data and evidence. Even though I still don’t quite know the difference. 
14:22 The curriculum is the helpful in understanding of scientific inquiry…… (4:1416 
[4:1488]) - D 14: L14 
The curriculum is the helpful in understanding of scientific inquiry. 
14:23 Agrees with the student that said no because a scientific investigat…… (2:330 [2:627]) 
- D 14: L14 
248 
Agrees with the student that said no because a scientific investigation should be done in a 
scientific way in order for them to be considered to be a scientific investigation. I think 
scientific investigations should have like an aim first before you continue with the 
investigation. 
15:1 think I should have said no, because this investigation was just som…… (1:694 [1:968]) 
- D 15: L15 
think I should have said no, because this investigation was just something that was done 
through observation, it was not done in the laboratory where they actually studied the 
characteristics of the basic beaks at one time and they did not actually find out more. 
15:2 feel that everything that is science should be done in a lab. (1:1033 [1:1097]) - D 15: L15 
feel that everything that is science should be done in a lab. 
15:3 No this is not an experiment as it wasn’t actually proven scientific…… (1:1206 [1:1337]) 
- D 15: L15 
No this is not an experiment as it wasn’t actually proven scientifically. It was just based on an 
observation and assumption. 
15:4 it wasn’t actually proven scientifically. It was just based on an…… (1:1238 [1:1337]) - D 
15: L15 
it wasn’t actually proven scientifically. It was just based on an observation and assumption. 
15:5 said yes because I think you can use two different methods which can…… (1:1428 
[1:1541]) - D 15: L15 
said yes because I think you can use two different methods which can still bring you to the 
same conclusion. 
15:6 In electricity we use several methods to check for the electromagnet…… (1:1665 
[1:1792]) - D 15: L15 
In electricity we use several methods to check for the electromagnetic field and charges. 
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Either a comb, ruler or a balloon 
15:7 agree with the student who says yes. I believe that there should be…… (2:208 [2:387]) - 
D 15: L15 
agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
15:8 same procedure to collect data, it is actually a way of making the…… (2:594 [2:757]) - D 
15: L15 
same procedure to collect data, it is actually a way of making the experiment very reliable. So 
yes the conclusions will be the same. 
R (b) If several scient 
15:9 they will not come to the same conclusion because the procedure is d…… (2:923 
[2:1082]) - D 15: L15 
they will not come to the same conclusion because the procedure is different, we will collect 
different data and the conclusions will also be different. 
15:10 ata is collected information about something while evidence is the p…… (2:1165 
[2:1469]) - D 15: L15 
ata is collected information about something while evidence is the prove that data exist. I mean 
you cannot say that you have evidence when you don’t have data. Data and evidence are not 
really the same because I feel that evidence is resourceful while data on its own cannot be of 
any help.  
15:11 Team A is better because they used different types of tyres on one r…… (3:69 [3:269]) 
- D 15: L15 
Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable. 
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15:12 Please explain your choice of a, b, or c below: L I agree with B, bec…… (3:688 [3:896]) 
- D 15: L15 
Please explain your choice of a, b, or c below: L I agree with B, because as shown on the table 
the less minutes the plant has under sunlight the taller and bigger it grows as shown on the data 
table. 
15:13 Looking at both figure 1 and 2, the legs are better positioned in fi…… (3:1244 [3:1464]) 
- D 15: L15 
Looking at both figure 1 and 2, the legs are better positioned in figure 1. They are realistically 
positioned. They are bigger and can carry the weight of the entire body. 
R b. Thinking about your answer to the que 
15:14 They collect data, fossils and research and observation and some cul…… (3:1561 
[3:1645]) - D 15: L15 
They collect data, fossils and research and observation and some cultural evidence. 
15:15 I misinterpreted some questions like question four, where you asked…… (4:92 [4:321]) 
- D 15: L15 
I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
15:16 From most of the practical activities that we do here at school. I a…… (4:379 [4:519]) - 
D 15: L15 
From most of the practical activities that we do here at school. I also read books at libraries and 
interview people and also on media. 
15:17 Just a few as resources are limited. (4:595 [4:630]) - D 15: L15 
Just a few as resources are limited. 
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16:1 because he/she is getting information and taking samples to see whet…… (1:696 [1:861]) 
- D 16: L16 
because he/she is getting information and taking samples to see whether your hypothesis is 
true. That is if you collect like samples and take them to the lab. 
16:2 Doing experiments using chemicals, life sciences gathering evidence…… (1:934 
[1:1046]) - D 16: L16 
Doing experiments using chemicals, life sciences gathering evidence from different things and 
testing them. 
16:3 Yes, because getting information and taking samples to see whether y…… (1:1155 
[1:1329]) - D 16: L16 
Yes, because getting information and taking samples to see whether your hypothesis is true. 
You need have an aim and the method you would use to prove your hypothesis. 
16:4 hypothesis is true. You need have an aim and the method you would us…… (1:1230 
[1:1329]) - D 16: L16 
hypothesis is true. 
You need have an aim and the method you would use to prove your hypothesis. 
16:5 or it to be a success, you need to have an aim for it and a method o…… (1:1372 [1:1489]) 
- D 16: L16 
or it to be a success, you need to have an aim for it and a method on how you’re going to prove 
your hypothesis. 
16:6 investigation is done to collect data and an experiment is done to p…… (1:1574 [1:1661]) 
- D 16: L16 
investigation is done to collect data and an experiment is done to prove something. 
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16:7 Yes, in order to get accurate results different methods can be used. (2:53 [2:124]) - D 16: 
L16 
Yes, in order to get accurate results different methods can be used. 
16:8 that said no because a scientific investigation should be done in a…… (2:355 [2:626]) - 
D 16: L16 
that said no because a scientific investigation should be done in a scientific way in order for 
them to be considered to be a scientific investigation. I think scientific investigations should 
have like an aim first before you continue with the investigation. 
16:9 Not really, but yes because you need to know what you’re investigati…… (2:711 [2:786]) 
- D 16: L16 
Not really, but yes because you need to know what you’re investigating. 
16:10 No, it depends on how that specific scientist wanted his results to…… (2:976 [2:1339]) 
- D 16: L16 
No, it depends on how that specific scientist wanted his results to be accurate so they won’t 
have the same conclusion because some scientists might do the repeat the experiment to make 
sure that the results are accurate. I believe that in order for a scientist to get accurate results 
they need to repeat the experiment without changing anything. 
16:11 same conclusion because some scientists might do the repeat the expe…… (2:1083 
[2:1206]) - D 16: L16 
same conclusion because some scientists might do the repeat the experiment to make sure that 
the results are accurate. I 
16:12 Maybe I can change my response, there might be a possibility that th…… (2:1464 
[2:1578]) - D 16: L16 
Maybe I can change my response, there might be a possibility that the scientist can come to the 
same conclusion 
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16:13 No, because even if they are asking the same question but using diff…… (3:82 [3:203]) 
- D 16: L16 
No, because even if they are asking the same question but using different procedures, the 
answer will be different. 
16:14 Data is all that you collected to get your evidence. I am not really…… (3:291 [3:393]) - 
D 16: L16 
Data is all that you collected to get your evidence. I am not really sure what the difference is. 
16:15 Data is something that you collect in different ways in order to get…… (3:440 [3:615]) 
- D 16: L16 
Data is something that you collect in different ways in order to get your evidence. 
R What then is evidence? 
L Evidence is the results of your data, I don’t really know. 
16:16 Team A, because they are testing the various types of tyres therefor…… (3:1077 
[3:1349]) - D 16: L16 
Team A, because they are testing the various types of tyres therefore the conclusion can be 
more accurate and reliable unlike team B with only one type of tyres. I picked team A to be 
more accurate because they were using different types of tyres on the same road 
16:17 B, plants grow taller with less sunlight, because according to the d…… (4:102 [4:285]) 
- D 16: L16 
B, plants grow taller with less sunlight, because according to the data where there is less light, 
there’s more growth. I came to this conclusion by looking at the data given. 
16:18 I came to this conclusion by looking at the data given. (4:226 [4:285]) - D 16: L16 
I came to this conclusion by looking at the data given. 
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16:19 Because they have hind legs which will enable them to stand up right…… (4:673 
[4:830]) - D 16: L16 
Because they have hind legs which will enable them to stand up right. The leg bones of figure 
one are more, I don’t really know how to describe this. 
16:20 The area where they were found can determine how the dinosaurs survi…… (4:969 
[4:1151]) - D 16: L16 
The area where they were found can determine how the dinosaurs survived and the fossil 
evidence. The area where they were found can help scientist see how they were surviving. 
16:21 es, with regards to data and evidence. Even though I still don’t qui…… (4:1240 [4:1334]) 
- D 16: L16 
es, with regards to data and evidence. Even though I still don’t quite know the difference. 
16:22 The curriculum is the helpful in understanding of scientific inquiry…… (4:1416 
[4:1488]) - D 16: L16 
The curriculum is the helpful in understanding of scientific inquiry. 
17:1 think I should have said no, because this investigation was just som…… (1:694 [1:968]) 
- D 17: L17 
think I should have said no, because this investigation was just something that was done 
through observation, it was not done in the laboratory where they actually studied the 
characteristics of the basic beaks at one time and they did not actually find out more. 
17:2 I feel that everything that is science should be done in a lab. (1:1030 [1:1096]) - D 17: 
L17 
I feel that everything that is science should be done in a lab. 
17:3 said yes because I think you can use two different methods which can…… (1:1428 
[1:1567]) - D 17: L17 
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said yes because I think you can use two different methods which can still bring you to the 
same conclusion. 
R Can you please describe 
17:4 I agree with the student who says yes. I believe that there should b…… (2:206 [2:386]) - 
D 17: L17 
I agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
17:5 When you use the same procedure to collect data, it is actually a wa…… (2:577 [2:734]) 
- D 17: L17 
When you use the same procedure to collect data, it is actually a way of making the experiment 
very reliable. So yes the conclusions will be the same. 
17:6 No they will not come to the same conclusion because the procedure i…… (2:920 
[2:1080]) - D 17: L17 
No they will not come to the same conclusion because the procedure is different, we will collect 
different data and the conclusions will also be different. 
17:7 Data is collected information about something while evidence is the…… (2:1164 
[2:1466]) - D 17: L17 
Data is collected information about something while evidence is the prove that data exist. I 
mean you cannot say that you have evidence when you don’t have data. Data and evidence are 
not really the same because I feel that evidence is resourceful while data on its own cannot be 
of any help 
17:8 I agree with B, because as shown on the table the less minutes the p…… (3:738 [3:895]) 
- D 17: L17 
I agree with B, because as shown on the table the less minutes the plant has under sunlight the 
taller and bigger it grows as shown on the data table. 
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17:9 Looking at both figure 1 and 2, the legs are better positioned in fi…… (3:1244 [3:1422]) 
- D 17: L17 
Looking at both figure 1 and 2, the legs are better positioned in figure 1. They are realistically 
positioned. They are bigger and can carry the weight of the entire body. 
17:10 They collect data, fossils and research and observation and some cul…… (3:1560 
[3:1645]) - D 17: L17 
They collect data, fossils and research and observation and some cultural evidence. 
17:11 Yes, I misinterpreted some questions like question four, where you a…… (4:87 [4:321]) 
- D 17: L17 
Yes, I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
17:12 From most of the practical activities that we do here at school. I a…… (4:378 [4:519]) - 
D 17: L17 
From most of the practical activities that we do here at school. I also read books at libraries and 
interview people and also on media. 
17:13 Just a few as resources are limited. (4:594 [4:630]) - D 17: L17 
Just a few as resources are limited. 
18:1 No this is not an experiment as it wasn’t actually proven scientific…… (1:1207 [1:1335]) 
- D 18: L18 
No this is not an experiment as it wasn’t actually proven scientifically. It was just based on an 
observation and assumption. 
18:2 I said yes because I think you can use two different methods which c…… (1:1425 
[1:1541]) - D 18: L18 
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I said yes because I think you can use two different methods which can still bring you to the 
same conclusion. 
18:3 In electricity we use several methods to check for the electromagnet…… (1:1665 
[1:1793]) - D 18: L18 
In electricity we use several methods to check for the electromagnetic field and charges. 
Either a comb, ruler or a balloon. 
18:4 agree with the student who says yes. I believe that there should be…… (2:208 [2:385]) - 
D 18: L18 
agree with the student who says yes. I believe that there should be a question before everything 
when doing a scientific investigation to guide what you are investigating. 
18:5 When you use the same procedure to collect data, it is actually a wa…… (2:577 [2:733]) 
- D 18: L18 
When you use the same procedure to collect data, it is actually a way of making the experiment 
very reliable. So yes the conclusions will be the same. 
18:6 Data is collected information about something while evidence is the…… (2:1164 
[2:1469]) - D 18: L18 
Data is collected information about something while evidence is the prove that data exist. I 
mean you cannot say that you have evidence when you don’t have data. Data and evidence are 
not really the same because I feel that evidence is resourceful while data on its own cannot be 
of any help.  
18:7 Team A is better because they used different types of tyres on one r…… (3:68 [3:270]) - 
D 18: L18 
Team A is better because they used different types of tyres on one road surface and could 
therefore see which one is better in terms of quality. Using different kinds of roads is not 
reliable. 
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18:8 agree with B, because as shown on the table the less minutes the pla…… (3:740 [3:896]) 
- D 18: L18 
agree with B, because as shown on the table the less minutes the plant has under sunlight the 
taller and bigger it grows as shown on the data table. 
18:9 They collect data, fossils and research and observation and some cul…… (3:1560 
[3:1645]) - D 18: L18 
They collect data, fossils and research and observation and some cultural evidence. 
18:10 Yes, I misinterpreted some questions like question four, where you a…… (4:87 [4:319]) 
- D 18: L18 
Yes, I misinterpreted some questions like question four, where you asked about the difference 
between data and evidence, while I was doing the questionnaire as compared to now that I have 
reflected some more on the question. 
18:11 From most of the practical activities that we do here at school. I a…… (4:378 [4:518]) - 
D 18: L18 
From most of the practical activities that we do here at school. I also read books at libraries and 
interview people and also on media. 
18:12 Just a few as resources are limited. (4:594 [4:630]) - D 18: L18 
Just a few as resources are limited. 
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